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Incorporating... ELECTRONICS, TELEVISION & SHORT WAVE WORL 


JULY 1949 PRICE 2/- 


As up-to-date example of current 
instrument practice, developed to meet 
the demand for an instrument of labora- 
tory sensitivity built in’ a robust and 
portable form, for us nh conjunction 
with electronic and other apparatus where 
it is imperative that the instrument should 
present a negligible loading factor upon 
the cireuit under test 


The instrument consist- basically of a 
balanced = bridge — voltmeter It incor- 
porates many unique features and a wide 
set of ranges so that in operation it is as 
simple to use as a normal miulti-range 
testmeter 


The thermionie circuit) gives delicate 
galvanometer sensitivity to a robust 
moving coil movement The instrument 
is quickly set up for any of the tests to be 
undertaken, a single circuit selector 
switch automatically removing from the 
circuit any voltages and controls which 
are not required for the test in question, 

D.C. Volts : 2.5 mV to 10,000V (Max. Input Resistance 111.1 MQ) 

D.C. Current: 0.25 4A to | amp. (150 mV. drop on all ranges) 

A.C. Volts: 0.1V. to 2,500V. R.M.S. upto 1 5 Mc's. With external 

diode probe 0.1V. to 250V. and up to 200 Mcs 
A.C. Output Power: SmW. to 5 watts in 6 different load resist- 
ces from 5 to 5,000 ohms 

Decibels : —JIOdb. to 20db. Zero level S5OmW 

Capacitance: .000! uF to 50uF ‘ — 

Resistance : 0.2 ohms to |IOMQ SFP CCLSt7O072 


Insulation : 0.1 MQ to 1,000 MQ. ” 2 
Zostin G - Drast DUMeIUS 


Fully descriptive lecfl2t available on application: 
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tions is its use in the Modulator Tran 
*Seascan’ Radar Equipment. 


In the circuit shown a positive modul 

of the 11E3 in the transmitter unit, 

off, is caused to conduct heavily duri 

after is cut off sharply. An inductance o 

caused to “ring” with its own stray c 

voltage pulse to the firing electrode of rigatron 24Bl. 

pulse initiates the main Trigatron discharge to produce the modulator 

pulse to the Magnetron transmitting valve. I1E3 


The Modulator Unit also employs Mazda valves 19HI and 24B1 
and full details of these valves may be obtained on application. 
RATING: 


Heater Voltage (volts) Vh 
‘ é Heater Current (amps) Ih 
ae ee oS é 
ae Maximum Anode Voltage as Series 
Modulator (volts DC) Va(max) 


Maximum Peak Anode Voltage as 
Break Modulator (volts) Va(pk)max 


+ 


Maximum Screen Voltage (volts) Vg2(max) 


tok 
eT i) 
L8OCH 


Maximum Control Grid Negative : 
Bias (volts) Vgl(max) 


| dtE4He 


Maximum Peak Cathode Current (amps) !k(pk)max 
Inner be fsl-e2 
Maximum Anode Dissipation (watts) W::(max) 


Maximum Screen Dissipation as 
Series Modulator (watts) Wg2(max)Series 


Maximum Screen Dissipation as 
Break Modulator (watts) Wg2(max)Break 


Maximum Potential Heater /Cathode 
(volts DC) Vh-k(max) 


+ Taken under Pulse Conditions of approximately 
10 micro-seconds duration and 400:1 minimum 
off-on ratio. 


¢t Taken at Va = 200; Vg2 = 200; I, = 40 mA: 


List Price £1.5.0 








] IN| MAZDA Radio Valves & Cathode Ray Tubes 


THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, WC 2 
36 
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Electronic Engineering 


CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements is twelve words or less 5/- and 4d. for every additional word. 
in the case of advertisements in ‘Situations Wanted” when it is added free of charge. 
to box numbers should be addressed 


advertisement. Replies 


to: 


Box number 2/- extra, except 
A remittance must accompany the 


Morgan Bros. (Publishers) Ltd., 28, Essex Street, Strand, 


London, W.C.2 and marked “Electronic Engineering.”” Advertisements must be received before the l0th of the month for insertion 


in the following issue. 





OFFICIAL APPOINTMENTS 
Vacancies advertised are restricted to persons or employ- 
ments excepted from the provisions of the Control of 
Engagement Order, 1947. 


THE MINISTRY OF SUPPLY invites application 
from: Electrical, Electronic Engineers (Ref. D6/49A) ; 
Mechanical and Aeronautical Engineers (Ref. C12/49A); 
for posts in the following grades at the Royal Aircraft 
Establishment, Farnborough, and other research and 
development establishments in S. England and the 
Midlands :—Senior Experimental Officer, salary range 
£705-£895. Experimental Officer £495-£645, Assistant 
Experimental Officer {220 (at age 18)-£460. (Rates 
for women are somewhat lower). Grade and starting 
ay assessed on age, qualifications, and experience. 
uties mainly connected with aircraft structures, 
flutter and vibration and performance, aerodynamics, 
. including wind tunnel work and flight testing, arma- 
ments, combustion, radio and radar, electronic tech- 
nique, measurements, instruments and instrumenta- 
tion, control gear,etc. Applicants should have practical 
experience in one of these fields and possess at least 
Higher National Certificate, Higher School Certificate 
or equivalent, in mathematics or a science or engineer- 
ing subject. There are a few posts for duties on 
library and information work connected with the above 
fields. The posts are unestablished, but opportunities 
to compete for established posts may occur later. 
Write for application form, obtainable from Technical 
and Scientific Register (K), York House, Kingsway, 
London, W.C.2, quoting appropriate reference above. 
Closing date on 30th July, 1949. 
ADMIRALTY require for services at various experi- 
mental establishments in the south of England, 
Draughtsmen experienced in _ Electrical and/or 
Mechanical Engineering. A knowledge of Electronic 
Engineering will be an advantage. Appointments 
will, in the first instance, be in an unestablished 
capacity, but there will be an early opportunity to 
compete for established appointments. Commencing 
salary will be assessed according to age, experience, 
and location of employment, within the range of 
£283-£525. Candidates must be British subjects 
and have served an engineering apprenticeship or 
had @quivalent workshop experience of at least 3 years. 
They should possess the Ordinary National Certificate, 
and if over 23 years of age should normally possess the 
Higher Naticnal Certificate (or equivalent). Applica- 
tions, stating age and details of technical qualifications 
and apprenticeship (or equivalents), and workshop 
and drawing office experience, should be sent to 
Admiralty (C.E.11, Room 88), Empire Hotel, Bath. 
Original testimonials should not be forwarded with 
application. Candidates required for interview (at 
London or Bath, whichever is nearest) will be advised 
within two weeks of receipt of application. 





SITUATIONS VACANT 


BUSH RADIO LIMITED. Applications are invited 
from experienced radio engineers for the following 
positions: (a) Development work on communications 
and domestic radio receivers; (b) Development 
work on test gear for quality control television pro- 
duction and laboratory use. Apply in writing only, 
giving age, details of experience, qualifications, salary 
required, etc., to the Labour Manager, Bush Radio 
Ltd., Power Road, Chiswick, W.4. 

THE FAIREY AVIATION COMPANY LTD., 
Hayes, Middx., requires Engineers with experience of 
electro-mechanical servomechanism control circuits 
or auto-pilot design for Research Divisions, U.K. and 
Australia. Applicants should be capable of under- 
taking research and development work on the above. 
University Degree or equivalent an advantage. Apply 
Personnel Manager. 


TECHNICIAN, with experience in Electronics, Radio 
or Radar, is required to assist in the design, construc- 
tion and maintenance of laboratory and process control 
electronic instruments. Applications, giving experience 
and salary required, to be marked “ Personal”? and 
addressed to the Chief Metallurgist, The Yorkshire 
Copper Works, Ltd., Pontefract Road, Leeds. 


QUALIFIED PHYSICIST required for instrument 
research by West London Aero Engine Manufacturers. 
Experience of industrial instrumentation desirable. 
Full details of qualifications, experience and salary 
required, to Box No. A.C. 551 c/o The Central News, 
P17 Moorgate, London, E.C.2. 


A 





RADIO ENGINEER for Technical Publications 
Dept., with experience of compiling service literature 
on Domestic Radio and Television Receivers. Applica- 
tions by letter only, stating age, experience and 
qualifications, salary, etc., to the Personnel Manager, 
Bush Radio Ltd., Power Road, Chiswick, W.4. 


A RESEARCH ENGINEER is required as assistant 
to Chief of Research in a well equipped electro-acoustic 
laboratory. Must have good training and experience, 
sound knowledge of electronics and electro magnetism, 
and be capable of original inventive work. First 
class toolroom available. Interesting work. Salary 
£500-£600 p.a. Write full details, age, experience, etc., 
Amplivox Ltd., Abbey Mfg. Estate, Alperton, Middx. 


REQUIRED by a firm engaged in the development 
and design of telecommunication equipment near 
Maidenhead, Engineers having Degrees in Physics or 
Engineering Science, preferably with experience of 
electronic switching technique. Salary scale with 
annual increments and pension fund. Starting salary 
according to experience and qualifications. Apply in 
writing, Box 454, Dorland Advertising Ltd., 18-20, 
Regent Street, S.W.1. 


‘ WANTED IMMEDIATELY, Electronic Draughts- 


men with at least 2/3 years’ experience in diagrams, 
mechanical design and layout of electronic industrial 
and laboratcry equipment; permanent positions 
offered in the Midlands area; salary according to 
qualifications and experience. Apply, quoting Ref. 
D6/58, to Box No. 549, E.E. 


ELECTRONIC TECHNICIAN required by Oxford 
University laboratory to design, construct and main- 
tain apparatus and test-gear used for research. Experi- 
ence of electronics other than radio desirable. Wages 
according to University scale. Apply, giving full 
details to Box No. 550, E.E. 


STANDARD TELEPHONES & CABLES, LTD. 
invite applications for the following situations in 
their Valve Works at Foots Cray, Sidcup, Kent: 
(1) A Technical Assistant for factory valve engineering 
with at least 10 years’ experience of this kind of work, 
and having minimum academic qualifications equiva- 
lent to Higher National Certificate. (2) A fully- 
qualified Development Engineer with suitable Degree 
and having substantial experience in electron optics. 
(3) A Chemist with the necessary experience and quali- 
fications for undertaking important process develop- 
ment studies concerning the chemistry of valve 
production. Good salaries will be paid to those 
engaged. Applications for the above situations 
should give full details of qualifications and experience, 
and be addressed to the Personnel Officer at the above 
address. 


TECHNICAL EDITOR required to edit and prepare 
reports for publication. Qualifications : a good general 
training in electronics, with wide practical experience, 
marked critical faculty and ability to write good 
English. Acquaintance with the various printing and 
photographic reproduction processes would be an 
advantage. Applications, giving full details of experi- 
ence, etc., should be sent to the Personnel Department, 
E.M.I. Engineering Development, Ltd., Blyth Road, 
Hayes, Middx. 


THE United Newcastle-upon-Tyne Hospitals and 
King’s College, University of Durham. Applications 
are invited for the post of Technician (Electronics) in 
the Section of Electroencephalography in the joint 
Department of Psychological Medicine, Medical School, 
King’s College and the Royal Victoria Infirmary. 
Applicants must have radio or comparable experience. 
The technician will work under the direction of the 
Professor of Psychological Medicine and the Research 
Assistant in Electroencephalography. His work will 
be concerned with the maintenance of an electroence- 
phalograph and the construction and development of 
related apparatus. There is considerable scope for 
ingenuity. Arrang ts will be made for the success- 
ful candidate to attend a course of training in the 
more specialised side of the work. The salary will be as 
follows in accordance with the Medical Laboratory 
Technicians scale—{£360 per annum, rising by £15 per 
annum to £435 per annum. Applications, giving age, 
qualifications and experience, with the name and 
addresses of three referees, should be sent to the 
undersigned within one week of the date of appearance 
of this advertisement. A. W. Sanderson, House 
Governor and Secretary, Royal Victoria Infirmary, 
Newcastle-upon-Tyne. 





RADIO ENGINEER in Bristol-Bath area, familiar 
with u.s.w. transmission and reception and with C.R. 
tube operation, wanted to co-operate in research. 
Box 555, E.E. 

SALES ENGINEER to initiate and expand sales of 
oscillographic equipment. Londonarea. Box 554. E.E. 


DRAUGHTSMAN, about 21 years old, required for 
electronic measuring instruments. Must be fully 
conversant with circuit diagrams, radio components, 
etc. Salary £350-£400 per annum, depending upon 
experience. Write, enclosing full particulars to 
L.M.K. Mfg. Co., Ltd., Harlequin Avenue, Great 
West Road, Brentford, Middx. 


AN ENGINEER required for the design and con- 
struction of special purpose electronic test gear by 
large company in East London. Applicants should 
have technical education to at least Higher National 
standard, and previous experience of this work. State 
age, experience and salary required, to Box 556, E.E.- 
RADIO AND ELECTRONIC Development Engi- 
neers, Senior and Junior Draughtsmen, Radar 
Mechanics, H.F. Repairers, Radio Prototype Wireman, 
Inspectors, Testers, Television Service and P.A. 
Equipment Service Engineers, and other positions 
vacant: Technical Employment Agency, 179, Clapham 
Road, S.W.9 (BRIxton 3487). 

TECHNICAL WRITERS required by well-known 


rapidly expanding precision engineering organisation 
in outer West London. Individuals who combine 
writing ability with adequate technical qualifications. 
(a) One to specialise in mechanical and electrical 
technical writing—practical and theoretical experience 
essential. (b) One to specialise in radar and electrenics 
—practical and thecretical experience essential. Write, 
with full details of age, qualifications, experience and 
salary required to Box 558, E.E. 

UNIVERSITY GRADUATES are required now, and 
new openings will occur during the next six months, at 
the Research Laboratories of the General Electric 
Co., Ltd., East Lane, North Wembley, Middx. Physi- 
cists, mechanical and electrical engineers, and physical 
chemists are needed for research and development work. 
Details of vacancies will be sent to applicants who write 
to the Personnel Officer, stating age, academic qualifica- 
tions and experience. Both senior and junior graduates 
will be considered. 

APPLICATIONS are invited from Engineering and 
Physics Graduates by the Research Laboratories of 
the General Electric Co., Ltd., East Lane, North 
Wembley, Middx., for work on telecommunications 
equipment and radio navigation aids. Details of age, 
academic record and experience should be sent to the 
Personnel Officer. 


JUNIOR PHYSICISTS are required by Boots Pure 
Drug Co., Ltd., Nottingham, for two positions in their 
plant laboratory. (1) Physics Section: Candidates 
should possess a Degree in Physics and have had some 
previous experience in dust filtration problems, 
industrial electronics and general physical measure- 
ments. (2) Instrument Section: Candidates should 
possess a Degree in Physics or Engineering and have 
had some previous experience in industrial instrumenta- 
tion. Salary in the range of £450-£550, depending on 
qualifications and experience. Applications to Per- 
sonnel Manager, Station Street, Nottingham. 
PROGRESSIVE FIRM of radio and electronic 
manufacturers, in N.W. London area, require Senior 
Design Draughtsman to take charge of Drawing Office. 
Experience in radio and television design essential. 
Apply in writing, stating experience, salary required, 
etc., to Box 553, E.E. 

INTERESTING VACANCIES now exist for Senior, 
Intermediate and Junior Draughtsmen on industrial 
electronic equipment with large well-known engineering 
company in their office near Victoria Station, London. 
Please quote Ref. D6/59 and apply, giving full 
particulars to Box 552, E.E. 

CABLE & WIRELESS LTD. have vacancies on 
technical staff for service overseas, Applications 
invited from men with technical and practical 
experience in radio communications, in possession of 
1st Class P.M.G. or City and Guilds Radio/Telecom- 
munications certificates. Good pay and prospects, 
permanent status after probationary period. Under 
30 preferred. Apply in writing, giving full qualifica- 
tions, experience, etc., to Staff Manager, Electra 
House, Victoria Embankment, London, W.C.2. 








CLASSIFIED ANNOUNCEMENTS (Cont'd.) 





RESPONSIBLE Electronic Engineer by a well-known 
firm in London for work on computors required. Appli- 
cant must be a graduate aged 25-35 years and experi- 
enced in the development for production of pulse 
circuits of all kinds; he must be able to write test 
specifications for, and supervise the manufacture by a 
contractor of unusually elaborate electronic equipment. 
Write, stating age, experience and salary required, to 
Box 551 E.E. 


DRAUGHTSMAN with knowledge of circuit dia- 
grams and mechanical design. Edgware district. 
Tel. : WORdsworth 4474. 


ENGINEERS required for test and development 
work on electronic test equipment. Inter B.Sc. 
standard preferred. Apply Furzehill Laboratories, 
Ltd., Boreham Wood. ELStree 1137. 


FERRANTI LTD., Moston Works, Manchester, have 
staff vacancies for Engineers and Scientists of all 
grades in connexion with long-term development 
work on an important radio tele-control project. 
‘i) Development Group Leaders: To take charge of 
large development groups. Qualifications include a 
good Degree in Physics or Electrical Engineering 
and extensive past experience in charge of development 
projects. Salary according to qualifications and 
experience in the range {1,200-£1,600 p.a. (ii) Develop- 
ment Section Leaders: To take charge of sections in 
the above groups. Qualifications include a good 
Degree in Physics or Electrical Engineering or its 
equivalent and previous experience in any of the 
following fields :—radar, radio communications, micro- 
waves, servo control, electronic circuits, etc. Salary 
according to qualifications and experience in the 
range £750-£1,200 p.a. (iii) Engineers and Scientists : 
Qualifications include a good Degree in Physics or 
Electrical Engineering or its equivalent and, prefer- 
ably, some experience in the fields given in Section (ii). 
Salary according to age and experience in the range 
£400-£750 p.a. (iv) Designers and Draughtsmen : 
Section Leaders, Draughtsmen and Junior Draughts- 
men. Preferably with previous experience in the 
telecommunications or allied fields. Salaries based on 
A.S.E.D. rates, with allowances for special qualifica- 
tions and experience. The Company has a Staff 
Pension Scheme and will give housing assistance in 
special cases. Applications should be addressed to 
The Staff Manager, Ferranti Ltd., Hollinwood, Lancs. 


RADIO—Electronics Technician required by Boots 
Pure Drug Co., Ltd., Nottingham, for their plant 
laboratory, with ability to construct, service, and 
trace faults in industrial electronic equipment, such 
as pH meters, D.C. and A.C. amplifiers and R.F. 
generators. Applications, stating salary required, to 
Personnel Manager, Station Street, Nottingham. 


TECHNICAL ASSISTANT (young) required by 
“The Wireless Trader” Laboratory to assist with 
and eventually take over preparation of radio servicing 
information. Must be conversant with commercial 
radio and television practice able to convert circuit 
diagrams to conform to a standard style and explain 
technical matters clearly in writing. Sound technical 
knowledge essential. Applications in writing only, 
stating age and salary required should be addressed 
to the Technical Editor ‘‘ The Wireless Trader” 
Dorset House Stamford Street London S.E.1. 





SITUATIONS WANTED 


RADIO ENGINEER, City and Guikds Finals, Radio 
Communication and Technical Electricity, old system, 
requires post in zadio, electronics or light electrical 
engineering. Development and production experience 
Northern Area, preferably Yorkshire. Box 561, E.E 
ELECTRONIC ENGINEER, 23, B.Sc.(London), 


four years’ experience, desires change, preferably 
Yorkshire. Box 564, E.E 





BUSINESS OPPORTUNITIES 


OPPORTUNITY to acquire high-class Electrical 
Manufacturing Concern. Specialised products Plant 
includes moulding presses, etc. Average turnover, 
£3,500 per year, but capable of great — Price, 
£3,000 a.a. (Essex area.) Box 557, E 





EDUCATIONAL 


THE POLYTECHNIC, 309, Regent Street, W.1’ 
Electrical Engineering Department. Head of Depart 
ment: W. H. Date, B.Sc.(Eng.), M.LE.E. Full-time 
day courses are provided in Electrical and Tele- 
communications Engineering. The courses, which 
extend over a period of three to four years, prepare for 
the Higher National Diploma and professional examina- 


Electronic Engineering 


tions and for the B.Sc.(Eng.), Lond. Session 1949-50 
begins on September 2oth, 1949. Evening courses in 
the above subjects and also in Radio Service Work 
commence on Monday, 26th September. The courses 
prepare for the Ordinary and Higher National Cer- 
tificates and for the City and Guilds of London Institute 
examinations. New students will be enrolled on 21st 
and 22nd September, 6-8 p.m. Prospectuses may be 
obtained on application to the undersigned. J. C. 
Jones, Director of Education. 


A.M.LE.E., City and Guilds, etc., on ‘‘ NO PASS— 
NO FEE” terms. Over 95 per cent successes. For 
full details of modern courses in all branches of 
Electrical Technology send for our 112-page handbook 
—FREE and post free. B.I.E.T. (Dept. 337B), 17, 
Stratford Place, London, W.1. 





SERVICE 
LOUDSPEAKER repairs; British, American, any 


make. Moderate prices.—Sinclair Speakers, 12, 
Pembroke Street, London, N.1. 
RADIO MANUFACTURERS can __ undertake 


development and assembly of radio or electronic 
equipment. Winding shop with vacuum impregnation 
plant. Ample space and labour available. Box 316, 


GLASSBLOWING. Scientific and Research. 
Capacity available. Runs or prototypes. Electronics, 
high vacuum, chemical apparatus, etc.—H. Stanley, 
129, Lower Addiscombe Road, Croydon. 


FACILITIES for the inspection by Electronic 
Engineers of production processes invariably results in 
a worthwhile time or labour saving suggestion. May 
we have the pleasure of an invitation to your works 
with such an end in view. Spencer-West, Quay Works, 
Great Yarmouth. 





FOR SALE 


WEBB'’S 1948 Radio Map of World, new multi-colour 
printing with up-to-date call signs and fresh informa- 
tion; on heavy art paper, 4s. 6d., post 6d. On linen 
on rollers, 11s. 6d. post gd. 


IN STOCK. Rectifiers, Accumulator Chargers, 
Rotary Converters, P.A. Amplifiers, Mikes, Mains 
Transformers, Speakers of most types, Test Meters, etc. 
Special Transformers quoted for.—University Radio, 
Ltd., 22, Lisle Street, London, W.C.z. GERrard 4447. 


COPPER WIRES: enamelled, tinned, Litz, cotton, 
silk covered. All gauges. B.A. screws, nuts, washers, 
soldering tags, eyelets. Ebonite and laminated 
Bakelite panels, tubes. Paxolin coil formers. Tufnol 
rod. Permanent detectors, etc. List S.A.E. Trade 
supplied. Post Radio Supplies, 33, Bourne Gardens, 
London, E.4. 


ELECTRON MULTIPLIER PHOTOCELLS, 
gas-filled triodes and tetrodes, cold cathode tubes, 
position indicating mechanism etc., available from 
stock. Send stamp for new lists. A. McMillan, 5, 
Oakfield Road, Brisol, 8. 


ELECTRONIC ENGINEER'S widow wishes to 
dispose of Televisor, complete in large superlative 


mahogany cabinet. 12 in. tube, 12 in. speaker. {£100 
or offers. Box 560, E.E 
CINE CAMERA. Technicians’ 16 mm. Ensign 


Super, Turret, three lenses, matched finders, Thal- 


hammer panning stand. Perfect. Documentary 
Cameraman needs money. Best offer buys. Box 559, 
3.E. 

** PROC. I.R.E.,’’ May, 1946, to April, 10490, 36 


copies. Offers to Box 562, E.E. 

MAGSLIPS AND SELSYNS, many types available. 
Selsyns up to 45 Ib. per inch torque. Send for list giving 
full technical data on application. Hopton Radio, 1, 
Hopten Parade, Streatham High Road, London, 
S.W.16. STReatham 6165. 


BUILD a Portable Radio this summer. Extremely 
simple switch oscillator unit with frame aerial for 
medium and long-wave super-het. Commercial 
rformance. 22/6. Type M.z from Component 
ealers or send S.A.E. for details to Hobbies Division, 
Douglas Electronic Industries, Ltd., Brinklow, near 
Rugby. 
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TELEVISION—EHTTz1 transformer, 2,500V and 2V, 


tropicalized, no flash-over, insulation test 8,ooo0V, 
guaranteed the very best, 35/-. EHT2 as above, 
with a 4V winding, 37/6. MT1, 275-0-275V, 80 mA, 
6.3V, 5V interleaved, im regnated, unbeatable value, 
16/6. Hillfields Mail Radio, 8, Burnham Road, 
Whitley, Coventry. 


WANTED 


WE WILL BUY at your price used radios, amplifiers, 
converters, test meters, motors, pick-ups, speakers, 
etc.,radio and electrical accessories. Write, phone or 
call, University Radio Ltd., 22, Lisle Street, London, 
W.C.2. GERrard 4447. 


CARRIER TELEPHONE and Telegraph Equipment 
of all types in any condition wanted ; also Teleprinter 
or Teletypewriter apparatus, Harris and Gillow, 93, 
Wardour Street, W.1. 


WANTED. Six Valves, American type 8020 high 
voltage vacuum rectifier. Box 563, " 





MISCELLANEOUS 


£25 REWARD. Stolen 13th/14th May at B.I-F., 
Olympia, Airmec Telecom Master Station serial 1030 
and two Electronic Test Equipments, serials 1031 and 
1067. Frank Brown & Co., 79, Bishopsgate, E.C.z2, 
will pay the above reward to the first person giving 
them information leading to the conviction of the 
thief and recovery of the property intact or pro rata. 


COLE-BERNARD Ltd. would like to notify their 
many clients of a change in address. All communica- 
tions regarding amplifiers, etc., should be addressed 


to Cole-Bernard Productions Ltd., 12, Chelverton 
Road, London, S.W.15. 
FESTIVAL OF BRITAIN. The Council of 


Industrial Design have opened a 1951 Stock List to 
which they invite manufacturers to send photographs 
or drawings of their best products. Address to Stock 
List, Council of Industrial Design, Tilbury House, 
Petty France, London, S.W.r. 





LINE OUTPUT TRANSFORMERS 
and FOCUS COILS 


from stock, tested and approved for use in 
Electronic Engineering Televisor 
36/- each 
WALPOLE NORMAN ENGINEERING Co. Ltd. 


33, Montpelier Vale, 
Blackheath, London, S.E.3. 








SHEET METAL CASES 


accurately made and finely finished 
We cannot supply 100,000, but if you want 


l, or 
100, or 
1000, or more, 


please contact— 


CLEVELAND ART METAL WORKS 


Architectural Metal Workers and Engineers 
23 & 23a, Martimer Mirket, Tottenham 
Court Road, LONDON, W.C.! 

Tel.: EUSton 4169 








INDEX TO ADVERTISERS 
SEE PAGE 32 
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| ' As a material Tufnol asks no favours. Using 

: the same tools as for metal, it can be 

in . 7 

or machined accurately and quickly. The 

i ' pre-fabricated forms, tubes, bars, rods and 

~ o7 channels may help reduce your production 

— costs. Tufnol is also supplied in sheets or 

specially moulded shapes. 

ES The uses of Tufnol are legion. It presents a 

hed | | valuable combination of chemical resisting, electrical insulating and 

want | F mechanical qualities. Where a material is required to withstand 
moisture and corrosion or extremes of climate, to mate with metals 
{ yet have long life to resist tensile, shear, and 


impact stresses — there you will find Tufnol 
giving unfailing service. 
RKS 


eers 
nham 


Are your competitors using Tufnol ? 


FOR YOUR INFORMATION 


Data already collected in the various Tufnol 
Publications may prove of use to you. If your 


problem is a NEW ome, our Technical Staff will TUFNOL 
co-operate enthusiastically. Why not write TODAY ? Fn ELLISON Presucs 


TUFNOL LTD - PERRY BARR - BIRMINGHAM - 22B 
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PHOTO-ELECTRIC RELAY 


for “ON” or “OFF” 
control of 
ELECTRIC POWER 




















The standard relay is extremely 
sensitive and responds to the in- 
cidence or interruption of a beam 
of light, the intensity of which may 
be as low as |-Foot candle and the 
duration as short as one-tenth of 
a second. 


Applications to industrial processes 
include :— 


Mi. lle 


Control of temperature, liquid level, 
lighting, register, dimensions, weighing, 


counting, etc. ; also alarm devices. 


Delivery from stock 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON- HOUSTON COMPANY LIMITED: RUGBY: ENGLAND 
A3854 
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VERY LOW FREQUENCIES 


* 
HIGH STABILITY * 
WIDE RANGE * 
* 
* 


+ + + 


PURE WAVEFORM 
* PUSH-PULL OUTPUT 


Seng is a much-needed oscillator designed specific- 
ally for testing, calibration and set-up of biological 
amplifiers and recorders, strain and vibration recorders, 
and low frequency wave analysers. 

It has a resistance/capacity circuit of special design 
with automatic amplitude control to ensure constant 
output and good waveform at frequencies from 
1.1 to 5,000 c.p.s. The circuit is remarkably free from 


FREQUENCY INCREMENT SWITCH 
CONSTANT OUTPUT VOLTAGE 
OUTPUT ATTENUATOR 

COMPACT AND PORTABLE 
STANDARD RACK MOUNTING 

trouble associated with change of valve characteristics, 


ensuring that accuracy is dependent only upon the 


frequency selective network components. 


An incremental frequency switch is included 
specifically for the measurement of ‘Q’ in frequency 
selective circuits of filters or wave analysers. 


Further details will be given on request. 


EDISWAN 





THE EDISON SWAN ELECTRIC CO. LTD., 


155 CHARING CROSS ROAD, LONDON, W.C.Z 


RA.II6- 
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WERE Cakes 


4 


.. . each of importance in its own 
sphere—ALL of importance to radio 
and television engineers. 

They contain useful technical 
information on the latest develop- 
ments in B.L.C.C. Radio Connecting 
Wires (No. 247R), Television Down- 
lead Cables (No. 244R), Microphone 
and Loudspeaker Cables (No. 245R) 
and Copper Earth Rods for Radio 
(No. 243R). 

Write to-day for a free copy 


of the Publication you need. 


ATIONS 
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Providing technical 


to our products, and the suppression of electrical 


The Siting of Aerials 


We claim that “ Belling-Lee”’ tele- 
vision aerials are mechanically and 
electrically superior, but if erected 
without due regard to local inter- 
ference, and/or the proximity of a 
corrugated iron shed or gas_ holder, 
then the ‘‘ Belling-Lee’’ best is no 
better than the cheapest worst. 

No aerial is a ‘ cure-all,’’ some are 
made better than others, stand up to 
the weather, without leaning away 
from the prevailing winds, etc. Some 
have had superior electrical know- 
ledge built into them, which tells 
when used in fringe areas. 

We _ consider 
recommend the most expensive aerial 
of a range when a cheaper model will 
suffice. j 

Both the “H” type** and_ the 
“Veerod ’’** (inverted ‘‘V’’) are, in 
their own way, ideal for the elimina- 
tion of interference; the “‘H’’ is the 
most expensive in our range and the 
** Veerod ’’ one of the cheapest. 

We have seen an announcement in 
a Midland paper to the effect that it 
is not possible to know what will be 
the best television aerial to erect on a 
site until the Midland Transmitter is 
on the air. ‘‘ Belling-Lee ’’ have put 
up many hundreds 
of aerials for the 
Midland Trans- 
mitter and many 
hundreds more 
have been erected 
by worthy compe- 
titors. If the in- 
stallations are en- 
trusted to recog- 
nised firms with 
plenty of experi- 
ence of this work 
in London and 
the home counties, 
then there is no 
need to worry. 

i: B however, 
someone withcut 
the necessary ex- 
perience puts up a 
television aerial, 
then there may be 
trouble from 
double images or 
** ghosts,”’ or the. 
obvious local, 
source of _ inter- 


A“ Viewrod” ‘H’ 
type aerial 





it bad _ practice to 
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THE “BELLING-LEE” PAGE 


information, service and 


ference may be ignored and conse- 
quently the wrong type of aerial in- 
stalléd. To take a case in point, the 
** Belling-Lee’’ ‘‘ Veerod’’ has sharp 
minima at right angles to the direction 
in which it is pointing, whereas the 
““H”’ type has a minimum behind the 
dipole: one experienced in these mat- 
ters makes full use of such characteris- 
tics for the removal of “ ghosts ”’ or 
interference. Again, sometimes it is 
advantageous to use the building on 
which the erection is being carried out 
to screen the dipole from obvious inter- 
ference such as a busy cross road and 
in other cases height is the most 
important _ thing. Experience of 
hundreds of such cases is most useful. 
he average 
wireless dealer will 
not make _ mis- 
takes that he can- 
not rectify when 
the time comes. 


A“ Veerod ”’ television 
aerial mounted on a chimney 








Hum in the Receiver 


We have heard a lot about humming 
aerials, and we have cured this trouble, 
but we have recently had a number of 
requests to cure hum in the receiver. 
Now, this is a form of interference that 
we do not claim to cure. The hum is 
2 low frequency phenomenon which 
may be mains borne on D.C. mains or 
an inherent property of the receiver 
itself. 

Our interests are in radio frequency 
interference which, as readers of this 
page know show up on the picture of 
a television receiver as ‘‘ ghosts,” 
spots, feathering, or bars, and on the 
sound channel, or on broadcast re- 
ceivers as crackles, plops, bangs and 
sizzling noises which may be elimi- 
nated from the receiver by the use of 
one or more of the following methods : 

1. Correct choice and siting of an 
outdoor aerial. 

2. For broadcast reception, an anti- 
interference aerial.** 

3. Fitting a mains filter.* 


3 








advice in_ relation 
i 


nterference 





This suppressor fil- 
ters the output of a mains outlet socket. 
List No. L300/3 | amp. 


Wires that carry and re-radiate 
Interference 


We have recently been asked te con- 
firm whether or not ‘‘ wires used for 
wired wireless ’’ radiated inte1ference. 
The answer is that they can and do. 
So do telephone wires, and overhead 
fire alarm wires, but, of course, the 
worst offenders are overhead mains, in 
villages where the houses are wired 
with V.I.R. taken in at roof level, 


*1 “* Viewrod ”’ television aerials for 
Midland frequencies. L652/LM ‘‘H”’ 
type with 8 ft. light alloy mast and 
chimney lashings. £6 5s. 

L652/C ‘‘H’”’ type with mast-head 
cap for customers’ own wooden mast. 
£2 1%s. 6d, 

L652/L “‘H”’ type with mast-head 
cap and chimney lashings (less mast). 
£5 7s. 6d. 

The London equivalents for items 2 
and 8 are L502/C £4 8s. L502/L £6 6s. 


* “ Veerod ”’ television aerial. Attic 
mounting. L605 London £2 12s, 6d. 
L646 Midland £2 5s. 

‘* Veerod ’’’ chimney mounting with 
metal mast. L606 London. £4 19s. 
L635 Midland £4 2s. 6d. 


* “ Skyrod ” vertical collector with 
‘* Eliminoise ’’ anti-interference trans- 
formers and cable. L638/K Chimney 
mounting. £10. L638/CK Mast 
mounting (less mast). £8 15s. 

L308 /K ‘‘ Eliminoise ”’ kit with 60 ft. 
wire span and cable, etc. Complete, 
£6 6s. 

** Set lead suppressors L300/3 (1 amp) 
£2 19s. 6d. L305 (2 amp). Sometimes 
suitable for television, £3 3s. 





BELLING ¢ LEE LTD 


CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND 
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Available with three types of cathode surfaces :-— 


TYPE A—Antimony-Caesium. (British Patent No. 
522.752 1938). Sensitive to blue light and 
daylight. 

TYPE B—Bismuth etc.—Caesium. Sensitivity similar 
to human eye. 

TYPE S—Silver -Oxygen-Caesium. Red - infra-red 
sensitive. 

Cells for use in the ultra violet region of the 

spectrum * Cells of high insulation, linearity and 

stability for accurate photometric work + American 
type equivalents * Push-Pull types for double sound 
tracks + Special cells for dye image sound tracks, 
multipliers, etc. Please write for catalogue. 





Sixty different types of Photo-Electric Cells 





— from miniature to multiplier— 



















Registered Trade Mark 


FOREMOST IN THE MANUFACTURE OF 
@ COUNTERS & CHRONOMETERS @ PHOTO-ELECTRIC CELLS 
@ METAL DETECTORS @ CATHODE RAY TUBES 
@ OSCILLOSCOPES @ GEIGER-MULLER TUBES 
@ ELECTRONIC INSTRUMENTS 














CINEMA-TELEVISION LIMITED 


WORSLEY BRIDGE ROAD, LONDON, S§.E.26 
Telephone: Hither Green 4600 
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WIDE-RANGE TRANSFORMERS 
TYPES D-106 & D-139 


For Modern Communications Equipment 





FREQUENCY CHARACTERISTICS 
Practically linear from the lower audio frequencies to over 100 kc/s. (See representative curves) 


IMPEDANCE RATIOS: Many impedance ratios are available, from 1 : | to 500 : 1. 


POWER: Types D-139 will handle up to one watt AC power above 40 c/s. Types 
@ D-106 are designed as input and interstage transformers where the power is negligible. 


SCREENING: Inner case — nickel-iron. Outer case — cast aluminium. 


DIMENSIONS: 23” x 34” x 3” high overall. WEIGHT: 24 Ib. 
Full information is given in Bulletin B-338-C which will gladly be sent on request. 


° 
4 





RESPONSE (dB) 
2 


4 
° 





s/o ot 
3/2001 


FREQUENCY 


s/2 0001 
S/DxO1 
s/2xOO} 











Muirhead & Co. Limited, Elmers End, Beckenham, Kent. Tel. Beckenham 0041-2 
FOR OVER 60 YEARS DESIGNERS & MAKERS OF PRECISION INSTRUMENTS 











C.R.C.39F 
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a 
The Ferranti Neostron is a cold cathode tetrode filled with neon, designed for use as a 
stroboscopic light source, a flashing indicator, or an electronic relay. 
The discharge in the anode is started by initiating a glow discharge between the screen and grid 
electrodes, the screen being at a fixed positive bias, a negative impulse being applied to the grid. 
Operating Characteristics | NSP1 | | NSPT ASP1 
"Max. Anode Voltage = | 400 ~—|_-650 | 400 
Normal Anode Voltage | 300 600 300 
Mean Anode Current 40-100* mA 40-100* mA 40-100* mA 
Peak Anode Current 250 Amps. | 250 Amps. 250 Amps. 
Max. Operating Frequency 250 c.p.s. | 250 c.p.s. 300 c.p.s. ! 
Anode Connection | in base | Top cap in base 
Gas Filling Neon Neon Argon 











* Dependent upon frequency of operation 


All types can be supplied with English 4 pin or American 4 pin bases. 


FERRANTI LTD ELECTRONICS DEPT. MOSTON MANCHESTER 10 
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MINIATURE TIME-DELAY SWITCHES 
Reliable, compact, bimetal switches, glass-sealed and 
evacuated, to operate after a time-delay (such as may be 
needed to allow valve-filaments to heat-up). The switch 
operates on 6.3 volts and switches in a maximum of 1 amp. 
at up to 380 volts AC or 600 volts DC. Time-delay 25 to 100 
seconds. Available unmounted (Type 2TQV) or with English 
miniature 4-pin base (Type 2TQVM). For full specification 


please write for Publication TV10/16. Other time-delay 
switches, Publication MS10/16. 


SUNVIC CONTROLS LTD. 


10 ESSEX STREET, STRAND, LONDON, W.C.2. 


TAS/SCIQ2 
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222 222 2222222 FOR RESISTORS 


as ai Ze a == =ct and all radio components 
= B= 2 2235 2 FZ = = = _FREQUENTITE — FARADEX — TEMPRADEX 


STEATITE & PORCELAIN PRODUCTS LTD. 


Stourport on Severn, Worcester Telephone: Stourport III Telegrams: Steatain, Stourport 


© 
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Why we designed the 


STEREOPHONIC 
AMPLIFIER 


In our search for really high quality we had already built an amplifier of 0.01 per 
cent distortion and 40 times damping factor, which we believe is the finest straight 
amplifier in the world. Unfortunately we have been unable to obtain a single speaker 
which will faithfully reproduce the whole range, and when used to drive twin speakers 
via a cross-over network these introduced more distortion and peaks than could be 
tolerated. From this we drew the following conclusions. 


The attainment of really high quality had always been marred by defects at the 
speaker end of the reproducer, which were :— 


(a) The inability to cover the whole audio range with handling capacity of 
8 to 10 watts at the lowest piano frequency of 26 cycles. 


(b) The interference caused by the Doppler effect, or where this has been 
minimised, the lack of speech coil feedback and damping at frequencies 
where that particular speaker should be silent. 


(c) The variation in acoustic power at the ends of the audio band, or the 
difference in efficiency of the two speakers when fed by cross-overs after 
the amplifier. 

(d) The resonance of the choke and capacitor network at various frequencies 
which in one case gave a variation of 5 ohms to 105 ohms for a nominal 
15 ohms impedance. 


All these points were considered, and an amplifier was then designed and built to 
overcome all these deficiencies, the audible results exceeded expectations and a 
stereophonic effect was noticed on some records and the amplifier accordingly called 
** Stereophonic.” 


4 The requirements of triode cathode follower and 8 to 10 watts output is best met 
by PX4’s, since their mains consumption is low compared to pentodes strapped as 
triodes and heater hum does not bother a cathode follower. A single valve is capable 
of the equivalent acoustic requirements at the higher frequencies. The cross-over is 
; fitted in the middle of the amplifier where it is not concerned with power transfer ‘and 
E does not introduce resonance or distortion. 


Superlatives fail in the description of the quality of reproduction from this new 
: amplifier, but may we just say it gives the finest quality reproduction of any unit, 
some costing almost a thousand pounds, that we and many others have heard. This 
is due to the lack of resonances from the loudspeakers, with the result that needle 
scratch is barely audible, even with the full audible frequency range. 


Unlike most reproducers where bass is reduced to ensure good unmodulated treble 
it is possible in this case to retain the full richness of the bass without interfering in 
any way with the treble response, and the lowest organ note to the highest strings can 
} be reproduced at the same time without modulation distortion. This high quality is 

maintained even at whisper strength to an abnormal degree. 

In these few words we cannot convey just how good this quality of reproduction 
really is, but we do invite you to a demonstration, and if possible bring your own 
well-known test records, upon which to base your judgment. 


\ 








NG TI 


Chassis complete with valves 


Price 364 gns. 


VORTEXION LIMITED, 257-261 THE BROADWAY, WIMBLEDON, LONDON, S.W.19 
Telephones: LIB 2814 and 6242-3 Telegrams: ‘* Vortexion, Wimble, London ” 
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Fluon resists temperature 


per, 


ium COP 
Bery ; as high \ 


Typical of Clix leadership is their Fluon insulated valve- Fiuo® 
holder—the only one of its kind which effectively meets 

the stringent requirements of the B.7.G. glass based valves. 

Its exceptionally close dimensional tolerances made possible 

by the Clix method of moulding the Polytetrafluoroethylene 
insulation entirely obviates the necessity of wiring jigs for 
making solder connections. 


The Silver plated Beryllium Copper Contacts are 
specially designed to require only a small amount of 
distention when the pins are inserted to produce a good 
electrical connection. Undesirable capacities and induc- 
tances are reduced to a minimum yet the flashover gap is 
increased. Valve breakage through misalignment is avoided. 


We manufacture a wide range of components for the Radio, 
Electronics and Television industries. In addition to Stock lines, 
a few of which are illustrated below, we can also manufacture 
special components designed for individual specifications. 


FROM THE WIDE RANGE OF CLIX COMPONENTS 


THE CLIX B.7.G. 
(Button Base) 
VALVE HOLDER 


With Fluon (P.T.F.E.) 
Insulation with or with- 
out skirt and screening 
can. Made to meet the 
most exacting conditions 
required in all types of 
Radio, Radar, Televi- 
sion, Inter-Communica- 
tion and _ Electronic 
Equipment. 








| 
| 


/ 








| Tag Strips. Types are avail- Clix Heavy Duty Spade ter- 

-pin English Valve Holder. _ Clix “Flexipin” Radio able with from 1 to 9 Tags. minals. Other types available 

er t are available for | Master Plug supplied in a Tropical or Commercial Grade, | to cover terminal diameters of 
Valves. ; _4 mm. or 3/16ths in. Sockets. Miniature e types. lack and Red only. 











| 
| | 
| Panel-Mounting Sockets can | 


Coil-pin or Resilient Plug 


most British and American | Range of colours: for 4 in. in various combinations, also * ee. in. — 19/64ths in. 
| 

Chassis - Mounting Socket 

| 





| 4-way Voltage Selector Panel ee ie ee 
| with solid or fused shorting en eae hare | Strips with from 2—6 Sockets | ; i ae hs in. 
| = . made in 3 sizes 4 in.—3/16t 
| Plug, 3-way also available with | 3 16ths in. Plugs with or with- | in various standard markings 1 1 a ate ‘eas 
Rectangle or Circular Plate. out Insulator. or to Customers’ needs. ah compicte with two . 





y/ 





em BRITISH MECHANICAL PRODUCTIONS LIMITED 


(in association with General Accessories Ltd.) 


\SE/ 2) BRUTON STREET + LONDON: W.I 


y | 
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Room 
for a little ‘un 











A mass of resistances, wires and condensers — TJ bow do you squeeze 
a switch in there? We’ll tell you. Use our Type B.T. switch. It has been 
specially designed for small spaces and simple switching. You’ll find it a 
godsend. It’s an even better switch too since it has had an overhaul in our 


Development Section. Here are some improvements we have made to it: 


The contact blades are fixed w 

in a new way. This makes 4 l 

them rigid all the time. Te R 

The drive spindle is positioned Ss Ww 

definitely in the wafer. This / To 
provides double bearing. H Es 


Steady contact resistance. 


Improved insulation between 
contacts. 


Positive contact. 

Self-cleaning action. - 
auseereoomte Walter Instruments 

the Type B.T. an efficient 

and lasting switch. Why 

not try it? LIMITED 





GARTH ROAD, LOWER MORDEN, “SURREY. Telephone: DERWENT 4421-2-3 
SAS 0 A hh a a a TT TE AA EE TT IR TS SALT RAE IE AMET NANTES EIEN EH GNESI 


CRC46 
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Mullard 


THERMIONIC VALVES € ELECTRON TUBES 











Mullard INDUSTRIAL POWER VALVES, INDUSTRIAL RECTIFIERS, 
NEWS LETTER THYRATRONS, PHOTOCELLS, ELECTRONIC PHOTO FLASH 
If you are not TUBES, ACCELEROMETERS, CATHODE RAY TUBES, 
already receiving 

this service of STABILISERS AND VOLTAGE REFERENCE TUBES, COLD 
advance informa- 

tion on new CATHODE TUBES, ELECTROMETERS, V.H.F. AND OTHER 
valves, please ask 

to be added to the VALVES FOR COMMUNICATIONS, GENERAL PURPOSE 
—" VALVES 





When in Glasgow please visit our permanent exhibit at the Engineering Centre. 


MULLARD ELECTRONIC PRODUCTS LIMITED, CENTURY HOUSE, SHAFTESBURY AVENUE, On Se 
55 
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| Ses the April issue of our American 
contemporary Electronics there 
appeared a message from James 
McGraw, President of the McGraw 
Hill Publishing Co. Inc., to Ameri- 
can Industry entitled ‘‘ Now is the 
time to fight Socialism in Washing- 
ton.’”’ This apostrophe was _ con- 
tinued in the May issue and has as 


its theme “‘ the rapid progress down 
the dreary road of _ industrial 
stagnation ’’ (to quote from Mr. 


McGraw) of British Industry due, in 
the main, to the pre-war short- 
sightedness of our Industrialists and 
to bad planning of our Socialists 
since 1945, 


All this, of course, may make 
good material for the American 
reader, but such statements can be 
dismissed as generalisations, and 
like all generalisations, they are 
false and misleading. 


While we do not claim that 
Cc 


Decline and Fall 


British industry has a monopoly of 
all the virtues, neither has it a 
monopoly of all the vices. 


We admit that Britain’s indus- 
trial and economic position is 
perilous and that without American 
help in the form of Marshall Aid 
we should be ‘‘in the jrred,’’ ‘but 
without penetrating the arcana of 
present-day economics and politics, 
we should like to be permitted to 
say a word or two about British 
Industry in reply. On the material 
side there is much replanning and 
rebuilding to be done before Britain 
can regain her economic indepen- 
dence, and on the human _ side 
among employer and employed alike 
there is a sense of frustration and 
lack of enterprise which is more fre- 
quently referred to as lack of incen- 
tive. 


Although not qualified to speak 
for British Industry as a whole, we 


should have said that there are in it 
still some very bright spots. There 
does not, for example, appear to be 
anything wrong with the shipbuild- 
ing industry, and the Austin ‘‘A90”’ 
has already given its message from 
the motor industry. 


In the Electronic industry, of 
which we can claim to have intimate 
knowledge, there is ample evidence 
that it is live and active, and the 
industry which leads the world in 
television, which has _ produced 
such notable “ firsts’ as the Mag- 
netron and Radar, is showing no 
signs of decay. 


To the foreigner our methods 
often appear tortuous and tempo 
seems to be in keeping with the 
notice bearing the words ‘‘ Dead 
Slow’’ which appears at the 
entrance to Somerset House in the 
Strand, but this is illusory; Britain 
has no need yet for a Gibbons. 
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A Magnetic Digital Storage System 


By ANDREW D. BOOTH, Ph.D.* 


ESCRIPTIONS have appeared’” 

of storage devices for use 
in serial operation calculating 
machines, but in this country at 
least, little emphasis has been placed 
on the other possible type of 
computing system, namely, that 
employing parailel operation. It is 
not proposed to give any discussion 
of computing machines jn this paper 
but for completeness it must be 
stated that in serial operation 
machines the digits of a number be- 
come available, and are used, one at 
a time starting usually from the 
least significant, whereas in a 
parallel operation machine all the 
digits of any number become avail- 
abie at the same time. 

Without wishing to become con- 
troversial, it may be remarked that 
von Neumann, who was the origina- 
tor of many of the current ideas on 
calculating machines, has aban- 
doned the serial operation machine 
in favour of its parallel operation 
counterpart. 


Requirements for a Storage Device 


In either type of calculating 
machine the requirements of the 
storage device are similar, and are 
as follows: 

(1) The storage should be perma- 
nent if desired. 

(2) The contents of any position 
must be erasible at will and capable 
of replacement by new data. 

(3) The volumetric efficiency 
should be high. : ; 

_(4) The access and replacement 
time of stored data should be small. 

The delay line storage device of 
Wilkes' and the cathode-ray tube 
memory of Williams’ satisfy all of 
the above requirements except (1) 
and to a less extent (3). Either of 


these devices loses all its stored 
data if a power supply failure 
occurs. In addition, in the forms 


described by the authors, neither is 
directly suitable for a parallel 
operation machine, 

The idea of using the well known 
principles of magnetic sound record- 
ing for the storage of digital data 
seems to have occurred to a number 





bd Director, Birkbeck College Electronic Computer 
Project, Visiting Professor of Physics, University of 
Pittsburgh, U.S.A. 






































Fig. 1. Magnetic drum and read’record heads 
Fig. 2. Magnetic state of clock pulse track 
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of designers at about the same time, 
the system to be described in this 
paper, however, is thought to be the 
first in actual operation. 
Principles of the Magnetic Memory 

Essentially, the storage device 
consists of a cylindrical drum coated 
with permanent magnetic material 
and rotating under a series of read / 
record heads arranged along a 
generator of the cylinder. In Fig. 1 
H:-Hz» are a set of these heads. 

All of the digits of any particular 
number, which is in binary form 


Successive numbers are recorded 
in sequence as the drum rotates and 
to distinguish between them an 
extra track (Ho) is added which con- 
tains a set of equispaced positive 
** clock ’’ pulses. 

In order to determine the position 
of the first number it is necessary 
to indicate the start of this clock 
pulse track. This could be done in 
various ways; for example, it might 
start with a single negative pulse, 
or alternatively a separate track 
might contain a single pulse to in- 
dicate the zero position of the clock 
pulse track. In fact, it turns out to 
be much simpler to leave a small 
gap, clear of any pulses, at the end 
of the clock pulse track, and to use 
this as a zero indication. The 
general appearance of the magnetic 
state of the clock pulse track is then 
shown in Fig. 2. 

In order to go to any position on 
the drum and to read or record 
there, all that is necessary is to 
count from the zero position on the 
clock track and to arrange that the 
counter emits a pulse when it 
reaches the given position. A 
schematic diagram of the whole 
memory is given in Fig. 3. 

The positive pulse input from the 
clock track head is amplified and 
sent to the binary counter C, which 
is arranged to zero on receipt of a 
pulse from the shaping circuit con- 
tained in Ao. 

The contents of C are compared 
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agree a pulse is emitted by a circuit. 
Normally this pulse opens a set of 
gates Gu-Gu, which allow the out- 
put pulses from the digit track 


heads H:-H. to set a_ series 
of flip-flop storage elements 
F.-F. to the digit pattern re- 
corded under the heads in the 


given position. When it is desired 
to record in a given position a gate 
G. allows the above coincidence 
pulse to trigger a “‘ record pulse ” 
generator which sends either posi- 
tive (‘17’) or negative (‘‘0” 
pulses, via the input gates Gi-Gu, 
to the heads. It should be noted 
that prior to the record operation 
the input gate will have been set to 
“0” or “1” positions from digit 
input leads, and that the nature cf 


the storage 1s such that the input 
data automatically erases that 


already present. 

In the present memory, intended 
for use with A.R.C, (Automatic 
Relay Computer), the input gates 
G:-Ga, the record gate Go and part 
of the counter-coincidence circuit 
are relay elements, and the output 
flip-flops set relays to operate the 
remainder of the machine. 


The Magnetic Circuit 


While many highly specialised 
magnetic recording media exist, 
these are at present difficult to 


obtain in suitable form, and it was 
decided to use a thin plating of elec- 
trolytic nickel. Although the mag- 
netic properties of this seem to leave 
much to be desired, the medium is 
quite good enough for the purpose 
in hand. In the final design a 
plated layer between .0005 in, and 
.001 in. in thickness was_ used. 
Extensive experiments showed that 
up to 100 digits/in. could be re- 
corded, but for safety it was decided 
to use only a 50 digits/in. packing 
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Fig. 5. Single wire head 


Fig. 6. Output voltage from single wire head 
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as this allowed for considerable 


variations in head construction. The 
surface speed of the drum was 
25 ft. /sec. 

The first models of the recording 
heads were of the form shown in 
Fig. 4, 

Single laminations of .020 in. sili- 
con iron were used and the heads 
were run in contact with the 
cylinder as shown. Using 2,000 
turns on the magnetising coils it was 
found that the shortest recording 
pulse which could be used was 35 
Hsec. This left much to be desired 
and further experiments were 
instituted. 

About this time Dr. Julian 
Bigelow* suggested using a single, 
very fine wire as recording head. 

This was to be mounted in close 
proximity to the drum surface and 
pulsed with a current of between 10 
and 50 amps. Since the current 
flows for considerably less than 
1 Hsec. this does not damage the 
wire. It can be shown that if the 
input pulse is short enough for the 
recording medium not to move 
appeciably during the pulse, the out- 
put voltage follows the law: 





* Chief Engineer, Electronic Computer Project, 
Institute for Advanced Study, Princeton, U.S.A. 
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Bout = K vit / (40° = vt’) 
where 
v = surface speed of medium 
i = recording current 
a = distance of wire centre from 
drum surface 

t = time. 

The general form of this function is 
shown in Fig. 6, 

In the present memory, with digit 
packing of 50 in., it follows that for 
non-interference of pulses 4a<<.020 
in. or a << .005 in.; this means that 
wires of diameter less than, .002 in. 
must be used. Handling becomes 
difficult with .001 in. diameter wire 
and problems arise in the design of 
step-up transformers for ratio of 
1:100 and bandwidths of 250 Ke/s. 
waere the input impedance is about 
1%, 

As a comparison, tests were made 
using a .002 in. diameter single wire 
and a single lamination head of the 
general type shown in Fig. 4, but 
reduced to one-half the linear dimen- 
sions. With ten turns this gave 
precisely the same output as the 
single wire, thus indicating losses 
of about 90 per cent. 

It had been evident that the per- 
formance improved as the linear 
dimensions of the heads decreased 
and a series of experiments were 
tried with very small heads. These 
resulted in the design shown in 
Fig. 7. 

Using a single 32-gauge wire as 
magnetising source, the output sig- 
nal was three times greater than that 
from a .001 in. diameter wire, indicat- 
ing that the loss in efficiency is no 
longer important. With the same de- 
sign it proved possible to insert four 
turns of 42-gauge wire through the 
window and 12 times the single wire 
head output was obtained. The out- 
put pulse shape is identical with that 
of Fig. 6. 

In order to record ‘‘ 1” and “0” 
on the medium the simple procedure 
of pulsing the head with sufficient 
current to cause magnetic saturation 
of the nickel was adopted. Thus, if 
‘“}”? is recorded with a pulse of 
+20 amps., to record 0” a —20 
amp. pulse is superimposed. 
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Fig. 8. Model of drum with heads mounted in position 


Mechanical Construction 


A photograph of the cylinder and 
head assembly is given in Fig. 8. 


For mathematical reasons it was 
decided to have 21 binary digit 
numbers and to store 256 such 
quantities. With the packing of 50 
digits/in. and surface speed of 25 
ft./sec., this resulted in a cylinder 
2 in. in diameter and 12 in. long 
rotating at 3,000 r.p.m. The maxi- 
mum waiting time for reading or 
recording is 20 m.sec. and the mean 
time 10 m.sec. 


The heads, shown in detail in 
Fig. 9, are mounted on a brass bar 
and are individually adjustable by 
means of a simple screw assembly. 





One of the final read/record 
heads 


Fig. 9. 
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Fig. 10. Clock pulse amplifier, shaper and counter zero generator 
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Coarse adjustment is provided for 
aligning the main bar and the drum 
surface. 
Circuits 

At the outset it can be stated that 
all relays are of the Siemens high 
speed variety with 1000 + 1000° 
coils. The measured time of closure 
or operation of these is less than 
2 m.sec. Relays are drawn in the 
normal position. 

The Clock Track Amplifier. 

On this track it is necessary to re- 
produce with accuracy the sharp 
transition between the two turning 
points in output voliage shown in 
Fig. 6, and it was decided that a 
bandwidth of at least 200 Ke/s, was 
needed. The amplifier circuit of 
Fig. 10 proved adequate. 

It will be noticed that the grid 
coupling and screen resistor by-pass 
time constants are so chosen that 
there is a steep reduction in gain 
below 10 Ke/s. This makes the 
amplifier very much more stable and 
makes inter-stage decoupling un- 
necessary. In particular, 50¢/s. pick- 
up and microphonic noise from Vi 
are imperceptible. Vs is biased 
below cut-off to enable the noise 
background from the medium to be 
clipped off. This is necessary, since 
the gap at the end of the clock pulse 
track (Fig. 2) may contain a noise 
pulse of sufficient amplitude to 
trigger the counter after it has been 
set. to zero. 

The output of V; is fed directly 
to the input of the binary counter 
and a portion is rectified by the 
IN34 germanium diode and applied 
as a negative potential to the grid 
leak of the blocking oscillator tube 
V:. This keeps the latter from firing 
until the clock pulse track gap is 
reached, when the charge on C leaks 
away via R. The firing of V: sends 
a pulse via the output winding of T 
to the grid load resistor of the 
counter, thus ‘“‘ zero-ing”’ + the 
latter. 

The Counter and Coincidence Senser. 

The counter used is an ordinary 
seale-of-two circuit with buffer 
amplifier to remove unwanted 
pulses. The circuit constants are 
chosen so that the counter is reli- 
able up to 100 Ke/s. 

Counter Unit 


It will be seen from Fig. 11 that 
when any one of the counter stages 
Cu is in the same state (‘0’’ or 
**1”’) as its associated relay Hn, the 
potential of the grid of the corres- 
ponding coincidence valve falls 
below cut off. When counter con- 
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Fig. Il. Counter and 
coincidence unit 
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UNIT 




















tents and relay do not agree, how- 
ever, the coincidence valve con- 
ducts. Since the resistance of any 
coincidence valve is only about 7 K®, 
if at least one valve is conducting 
the potential at the common anode 
load cannot rise above 7/57 x 120 
= 15 volts, which is well below the 
cut-off of the first stage of Vs. The 


.second stage of Vs acts as an inver- 


tor and pulse shaper, since a sharp 
positive trigger pulse is required 
for the input pulse generator. 

Ve generates a negative pulse of 
220 volts amplitude. and 15 #sec. 
duration which is used to gate the 
outputs from the digit amplifiers 
into their respective flip-flops. 

The Input Pulse Generator. 
Since the heads have an input 





+400V. 


+400V. 


G., 250pt. 





From B 


(Fig 11) 
































Fig. 13. Relay input gate 


impedance of less than 9.12 and 
require pulse currents of 10-20 amps., 
a special generator had to _ be 
designed. Thyratron circuits were 
tried, but were found to be un- 
reliable and _ liable to parasitic 
oscillation. Eventually the circuit 
shown in Fig. 12 was devised and 
gives completely satisfactory results. 

In the present memory the record 
gate Go is a relay, but it would be 
simple to substitute an electronic 
element, In the absence of a gating 
pulse via G. the blocking oscillator 
is held off by the bias. The trans- 
former produces a pulse of less than 
l#sec. duration and the cathode 
follower transformer enables the 
whole head array to be pulsed. 

The Input Gates. 

These are constructed from relay 
elements and are shown in Fig. 138. 

Each gate element consists of two 
relays having two change-over con- 
tacts which are activated from the 
main circuits of the machine. When 
relay ‘‘1’’ is operated the head is 
pulsed in the positive sense, and 
when relay ‘‘0’”’ is operated in the 
negative sense. 

The gate action isolates the digit 
track amplifiers during pulsing, as 
the stray pulse which crosses the 
relay contacts due to capacitative 
coupling does not effect the input 
transformers, which have extremely 
low input impedance. 

The Digit Amplifiers. 

These are perfectly straightfor- 
ward R-C coupled amplifiers, again 
constructed to give low gain below 
10 Ke/s. A typical circuit is shown 
in Fig. 14. 

The Output Gate. 

It is desired to gate the amplifier 
output into a flip-flop circuit at a 
given position only, the two possible 
amplifier output pulse shapes being 
shown in Fig. 15. 

Since the clock pulse occurs at the 
origin in the above sketches, -it is 
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Fig. 14. Typical digit amplifier 
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Fig. 15. Output waveforms.for “ 1’’ and ‘‘0”’ 
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Fig. 16. Output from common gate circuits 
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Toggle output circuit 
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Fig. 19. Counter and coincidence senser 


possible to generate a gate signal 
which extends over one-half of the 
output pulse only, and thus to select 
a positive or negative pulse corres- 
ponding to unity or zero. Most of 
the published gate circuits have the 
disadvantage of placing the output 
on a ‘‘ pedestal ”’ as shown in Fig. 
16, or else of transmitting pulses of 
one sign only. 

To remedy this defect the circuit 
of Fig. 17 was devised. 

In the absence of a gate pulse the 
twin triode grids act as diodes and 
short-circuit incoming signals of 
either sign to earth. On applying 
a large negative pulse to the two 
anodes the electrons are repelled to 
the cathodes and the resistance of 
the grid circuits rises sharply. If, 
in this condition, a voltage varia- 
tion occurs on C: it is transmitted 
via C: to the flip-flop; in the absence 
of the gate pulse, however, nothing 
passes. 

The Output Stage. 

This consists of the standard 
cathode-coupled toggle, shown in 
Fig. 18. 

For reliable operation it was neces- 
sary to compensate the inductance 
of the relay coil, and the network 


shown behaves like a pure resistance. 


Conclusion 
It will be seen from the above cir- 
cuit descriptions and from the 


photograph of Fig. 8 that the 
storage system described in this 
paper is considerably more com- 
pact than any hitherto disclosed. 
Although in its present form it is 
somewhat slow in operation it is 
quite easy to speed up the rotation 
of the cylinder and to record and read 
data at several stations around the 
drum. In this way availability times 
of better than 1 millisecond could 
be realised. Work is at present pro- 
ceeding along these lines and it 
appears that the necessary modifica- 
tions are trivial in nature. 

The author wishes to express his 
sincere thanks to Dr. Geoffrey Gee, 
Director of Research, and to the 
Board of the British Rubber Pro- 
ducers’ Research Association for 
supporting this work, and also to 


Miss X. Sweeting and Dr. RoW 
Williams for assistance in con- 
struction. 
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A High Voltage Ring Modulator 


al 


For Use as a 


HE need for “ phase-conscious 

rectification ’’ occurs in the 
design of certain instruments and 
servo systems, and a similar prob- 
lem can occur in the design of ‘‘Syn- 
chrodyne”’ receivers,’ particularly 
in the phase-control circuit... Two 
voltages are provided: a reference, 
or ‘‘ polarising ”’ voltage of constant 
amplitude, and the signal voltage 
which is initially derived from the 
same source, but whose amplitude 
has been modulated and varies about 
zero. ‘* Phase-conscious  rectifica- 
tion ’’ of the signal produces an out- 
put proportional to its amplitude 
and positive or negative according 
to the sign of the amplitude— 
changing this sign is equivalent to a 
phase change of 7, hence the term 
‘* phase-conscious.’’ The process is 
basically one of multiplication, i.e., 
modulation, of the signal by the 
reference voltage, and may be per 
formed by the conventional methods 
of modulation. 

The ring-modulator is one of the 
best devices for this purpose. but the 
conventional design will not handle 
signals of more than a fraction of 
a volt, whereas, since D.c. amplifica- 
tion usually adds considerable com- 
plication to a circuit, it would often 
be preferable to apply the output of 
the modulator directly to the grid 
of an output stage. D. G. Tucker’ 
has recently shown how the perform- 
ance of a ring modulator may be 
improved by the use of biases of a 
fraction of a volt in the modulator 
arms. It is shown in this article 
that such bias also increases the 
voltage handling capacity of the 
modulator, and that much larger 
bias may be used for this purpose. 
Under suitable conditions these very 
large biases also have the advantage 
of ‘‘swamping” the _ rectifier 
characteristics, thus making them 
behave more nearly as_ true 
switches, so that thea modulator effi- 
ciency is less dependent on the car- 
rier or polarising voltage (see 
Figure 9). 





* Royal Naval Scientific Service. 
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Fig. |. Idealised rectifier characteristic 
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Fig. 2. Simple ring modulator circuit. The 
voltages marked are instantaneous values 























Fig. 3. The circuit is considered when AC and 
BD are about to conduct 


Limiting Signal Voltage to a Ring 
Modulator 


To explain the limiting factor 
clearly, it will be assumed tempor- 
arily that the rectifier elements have 
an infinite reverse resistance and a 
zero forward slope resistance, but 
with a forward voltage ‘‘threshold”’ 
of E, i.e., the elements pass no cur- 
rent with forward voltages of less 


than E (Figure 1). 


A simple form of modulator js 
shown in Figure 2. The idealised 
action is that of «a commutator 
switch that reverses the input-out- 
put connexions every half-cycle of 
the carrier or polarising voltage ec. 
This switching is produced by the 
action of the carrier voltage on the 
four rectifier elements. During one 
half-cycle the arms AC and BD will 
conduct, and during the other half- 
cycle the arms AD and BC. 


When ec is zero, it is apparent 
that the voltage e,-across AB cannot 
exceed +2H, as at this voltage cur- 
rent flows round either ABC or 
ADE, and any excess voltage will be 
shorted out. By summing e.m.f’s 
round these paths, it can be shown 
that the same limiting voltage holds 
for any value of ec. 


In this idealised case, therefore, 
+2E is the limiting value of the 
input voltage. 

If a bias battery of voltage Ex is 
now inserted in the correct sense in 
series with each, rectifier element, 
the voltage required across each arm 
to make it conduct will be (E+ Es) 
and the limiting input voltage is 
raised to +2 (E+Ez). 


With practical rectifier elements, 
if E is now the voltage at which the 
elements pass an appreciable cur- 
rent and er and e: are instantane- 
ous values, by summing e.m.f.s 
round ACB and ADB, it can be 
shown that 


limiting e: = + (2£3+E+ Ep) 


er can be taken as being always 
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greater than E, as even when the 
elements are not conducting, this 
voltage must be developed before 
any current can pass, so that a con- 
servative value of the maximum 
permissible e, is: 


+2(Es +E) (1) 


During the time that the carrier 
voltage is less than +(Ex+E) no 
rectifiers should be conducting, and 
there is thus a period when the out- 
put voltage should be zero: this can 
be seen clearly in those oscillograms 
in Figure 4 which are for low input 
voltages. The effect of the signal 
on this interval is discussed below 
as ‘ Distortion without overload.”’ 
By the use of suitable bias, this 
interval can be adjusted so that the 
modulating function contains very 
little third harmonic.* 


The Effect of Large Biases on Reverse 
Resistance 


éi1 max, = 


The reverse resistance of metal 
and crystal rectifiers decreases 
rapidly as the reverse voltage is 
raised, and the use of large biases 
will thus reduce the efficiency and 
stability of the modulator, and 
owing to the non-linearity of the 
reverse resistance, large signals may 
be distorted. It is therefore prefer- 
able to use thermionic diodes where 
possible. 


Distortion Without Overload 


It has been shown that above a 
certain voltage some shorting out of 
the input takes place, and this may 
be regarded as overload. However, 
distortion also takes place at smaller 
input voltages due to the fact that 
some of the input appears across 
those rectifier elements which are 
not conducting, and so alters the 
point at which conduction com- 
mences. 

Considering the circuit shown in 
Fig. 3, where two of the modulator 
arms have been omitted for clarity, 
the instantaneous voltages across the 
rectifier elements when neither is 
conducting are given by: 
ea=ec—Ept+es R/(Rs+2R) .. 
Ex—es R/(Rs+2R) 


where e-=A sin wt. 


. (2) 
(3) 


ean=e€: 


Taking the case when es is. posi- 
tive, it is thus apparent that the 
conduction of AC is in advance of 
that of BD. 


If AC is conducting and BD is not, 
the current i, through AC will add 
another term to the right hand side 
of equation (3) giving: 
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carrier amplitude 
60v. 


= = 120v 
a 
Fig. 4. Oscillograms of the , es ==540v. 
modulation of DC by a battery- 
biased ring modulator. Bias 30 
volts Diodes 6H6 Carrier 
feed resistors 25K Input 
resistance l0K. Outputdirectto 
C.R.O. deflector plates. Ideally 
these should be ‘‘ Square’”’ * es = 60v. 
waveforms 
Paes pags es = 80v. 


ep=ec—Ep—es R/(Rs 12R) —Kta 
( 


where K is a positive factor in terms 
of the various resistances (see (c) 
below). 


Ideally the two rectifiers should 
commence conduction together at a 
time unaffected by the signal; the 
last terms in equations (2) and (38) 
and the last two terms in equation 
(4) therefore represent distortion. 


During the time when only one 
rectifier is conducting, the voltage 
across the output has components 
from both the signal and the carrier, 
and this can clearly be seen in the 
oscillograms of Figure 4. These 
show the distortion produced on the 
modulation of a D.c. input using a 
battery biased ring modulator. 
Here, as soon as one rectifier starts 
conducting, the output rises steadily 
with a portion of the carrier wave- 
form (since the input is steady) 
until the output voltage reaches the 
input voltage across the modulator 
terminals, at which point the second 
rectifier starts conducting, and the 
output voltage is derived solely from 
the input. In the last two oscillo- 
grams of the left-hand series, the 
carrier vollage is never high enough 
to achieve this laiter state, and so 
the second rectifier never com- 
mences conduction. 


The influence of various factors on 
this effect will now be considered. 


(a) Carrier voltage (‘‘ Polarising 
voltage ’’). It is obvious that the 
most effective means of minimising 
this distortion is to have a large 
carrier voltage, as this will shorten 
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carrier amplitude 


the interval during which only one 
rectifier is conducting. 


(b) Bias. There is some advan- 
tage in making the bias as small as 
possible within the limits given by 
equation (1), so that the time 
which the distortion occurs is as 
near as possible to the time at which 
the carrier voltage passes through 
zero. The carrier voltage will then 
be changing most rapidly, and if the 
signal is an A.c. in phase with the 
carrier (as in simple phase-conscious 
rectification), the instantaneous 
signal voltage will be least. 

(c) Input and output impedance. 
The factor Kia in equation (4) can 
be shown to be given by: 

Kia= 

[ec +es/ (2+ X)— Es] (4+X+Y¥) 

4+3X+3Y+2XYV+Z(2+X)(2+Y) 
neue Noes (5 


where X=R./R, Y=Rx/R, 
and Z = ea/ta 
unk R 


To obtain some idea of the impor- 
tance of this effect, it is pussible to 
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Fig. 6. A method of Auto-Bias. 


calculate the value of es which is just 
sufficient to prevent the second arm 
conducting at all (this is not quite 
happening in the oscillogram in 


Figure 4 where A=60 volts, es=40° 


volts). To simplify the result it will 
be assumed that the forward resist- 
ance of the rectifier elements is zero 
and that they start conducting at 
zero voltage, so that Z=0 and the 
critical es=0. Then substituting 
equation (5) in (4) we can obtain 
the critical signal voltage es. 


If X=Y=1 or X=0 and Y > ®, 


Critical es=A—Exs where A is the 
carrier amplitude. 


if X=Y=.5, 
Critical es ~ .65 (A — Es). 


Here es refers to the instantaneous 
value when the carrier voltage is a 
maximum. 


It is thus possible for the effect to 
be serious when using large biases 
and signals. 


To reduce the value of Kia to a 
minimum, X and Y should be as 
large as practicable. 


In| transformer coupled modula- 
tors (Fig. 5), it can be shown 
that the equation equivalent to (4) 
above is 

ep=ec —Ep—es —ta (R-—Rs— R1) 
where it is assumed that the forward 
voltage across the rectifiers is zero, 
and that the transformers are per- 
fect with a ratio of 1: 2 and 2: 1 
respectively. Thus, when R.=Rs+ 
Ry, distortion due to the. last term 
vanishes. 


Method of Biasing 


A convenient method of auto- 
biasing is shown in Figure 6. The 


D 


current through the rectifier pro- 
duces bias voltages in the correct 
sense across the decoupled resistors 
Rx. The resistance required give a 
ratio B of bias voltage to carrier 
amplitude may be calculated from 
the following formula: 


Rr 
Rz 


4 
1 . 1 
a sin-’*B+ (2--1) | - 25. 
+ 
1 1 
tae [ B+ (-— -1) |-.. 


Where Rr is the resistance of each 
carrier feed resistor, and Rx is the 
resistance of each decoupled bias 
resistor. 


The signal causes the currents 
through the various arms to alter, 
and the effect of the decoupled resis- 


Fig. 7. Circuit equivalent to Fig. 5 


tors is very similar to that of the 
circuit shown in Figure 7. Low fre- 
quencies, and in particular pD.c., in 
the input or output may thus be 
considerably attenuated. 


If the output feeds into a high 
impedance circuit—for instance, a 
valve grid—this effect may be re- 
duced for certain purposes by 
replacing Rs and R: by capacitors. 
In the case of phase-conscious recti- 
fiers, it has been found by experi- 
ment that this produces non-linear- 
ity in the curves of output against 
the cosine of the phase angle, and of 
input against output, particularly 
in the former. The non-linearity 
decreases as the impedance of the 
capacitors is increased, and was 
hardly noticeable on the graphs 
when the impedance of the capaci- 
tors was approximately the same as 
that of R: and R:. It should be 
borne in mind that these capacitors 
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produce a phase shift in the carrier 
current. 


Experimental Results 


Experiments were performed with 
an auto-biased modulator similar 
to Fig. 6. The resistors had 
values : 

Ri >Rz= R:=R:=R:= Ri=8Rs = 

30,000 ohms P:; 
and the rectifier elements were 6H6 
diodes. 


The modulator was tested as a 
phase-conscious rectifier at audio- 
frequency, so that the input and 
carrier (‘‘polarising’’) voltages 
were of the same frequency. 

(1) The curves in Fig. 8 are 
largely self-explanatory. It will be 
noted that the output starts falling 
off when the peak voltage across the 
modulator terminals is twice the 
bias voltage. 


(2) The curve in Fig. 9 indicates 
that the modulator efliciency is 
practically independent of the bias 
and carrier voltages as long as these 
are higher than the critical value. 

(3) A graph of output against the 
cosine of the phase angle with an 
input about two-thirds of the limit- 
ing value was also drawn. Though 
the curve was linear within experi- 
mental error, there was some slight 
consistent indication of the output 
being smaller than expected for 
small phase angles. The deviation 
was less than 2 per cent of the maxi- 
mum output. 


Conclusions 


It is concluded that this form of 
biased ring modulator using diodes 
provides a_ satisfactory precision 
** phase-conscious rectifier ’”’ for use 
at voltages high enough to enable 
the output to be applied directly to 
the grid of an output stage, and the 
author has also found it very useful 
as a phase-conscious rectifier in cer- 
tain measuring instruments in which 
the signal contains large spurious 
components. 


This article is published with the 
approval of the Lords Commis- 
sioners of the Admiralty, but the 
responsibility for any statements of 
fact or opinions expressed rests 
solely with the author. 
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VOLTAGE STABILISERS 


—Part Ill 


Stabilisers Employing Thermionic 
Valves (Continued) 


A change of Vo is applied to the 
grid of V: after amplification by V: 
such that the change in the voltage 
drop across V: opposes the change 
in Vo. The cathode voltage of V: 
is held approximately constant by 
the neon tube V;, The grid voltage 
of V: will only be slightly more nega- 
tive than the cathode so that the 
grid will receive a fraction v/V> of 
the variation in Vo where v is the 
voltage across Vs. The disadvan- 
tage of the circuit is that it cannot 


produce perfect stabilisation because. 


some change in output is required 
to give a correction. Certain modi- 
fications can be made, however, to 
obtain better stabilisation. Since 
variations in Vo are produced prin- 
cipally by changes in input voltage 
and load current these latter changes 
can be used to give correction fac- 


tors. The method of obtaining’ 
these corrections is illustrated in 
Fig. 21. The potentiometer chain 


is modified and two further resistors 
R. and R:-are added. If the input 
voltage changes the change produces 
a variation in the grid voltage of V: 
by way of Re, the potentiometer and 
the amplifier valve V:. In this way 
the voltage drop across V: changes 
to oppose the change in input volt- 
age and a variation of output volt- 
age is prevented. 

A fine control can be obtained for 
keeping the output voltage constant 
if the load current changes by in- 
serting a resistor R: as shown. A 
change in load current produces 
a change in the voltage drop across 
R: which is applied to the grid of 
V: via the potentiometer and the 
amplifier valve V:. In this way the 
output voltage change is counter- 
acted. 

A circuit for providing a stabilised 
supply of the order of 300 volts at 
currents from zero to about 160 mA 
which embodies the above improve- 
ments is shown in Fig. 22. Two 
CV124 valves are employed in 
parallel as the series element and a 
CV1091 pentode is used as the 
amplifier valve. The cathode volt- 
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Fig.2!. Series-parallel circuit giving improved 


stabilisation 


age of the latter is held approxi- 
mately constant by a CV188 neon 
tube. If a fault occurs in the cir- 
cuit resulting in the amplifier valve 
taking no current (this may easily 
occur through failure of either the 
amplifier valve or the neon tube) 
then the output voltage rises. Since 
this may damage the equipment to 
which it is connected a safety pre- 
caution is taken by connecting a 
diode CV1092 directly to the anode 
of the CV1091. This diode is 
arranged so that when the anode 
voltage of the CV1091 exceeds a cer- 


tain value it passes current and the 
output voltage is prevented from 
rising unduly. 

The performance of this stabiliser 
can be summarised as follows: As 
the load current varies from zero to 
160 mA the output voltage only 
varies by about +0.15 per cent and 
a +10 per cent change in input 
voltage produces a variation of only 
about £0.25 per cent in the output 
voltage. 

The following circuits have been 
developed to supply a stabilised out- 
put voltage of about 1600 volts at a 
current of the order of 6mA, In 
each case calculations are made to 
illustrate the results to be expected. 
By a suitable choice of valves and 
other circuit parameters these cir- 
cuits can be employed to cover wide 
ranges of current and voltage. 

A parallel valve circuit is first con- 
sidered. In this case a stabilised 
voltage of 400 volts is available 
across the neon tubes in addition to 
and independent of the 1600 volts 
supply. The circuit consists of a 
stabilising valve V: in series with 
four neon tubes CV188 across the 
supply voltage (Fig. 23). The neon 
tubes in addition to giving the 
auxiliary voltage also provide the 
reference voltage. A series resistor 
R: is included. 
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Fig. 22. Stabilised circuit for output voltage of 300 with current variation from zero to 160 mA 
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Any high-slope triode is ade- Rs to obtain the best stabilisation. 
quate as Vi: but a_ tetrode or he performance of this stabiliser 
a pentode can also be _ used. will now be calculated. It is shown 


Tetrodes or pentodes may either 
be connected in the normal 
manner, supplies for the other grids 
being obtained from _potentio- 
meters across the supply voltage, or 
used as triodes, all the grids being 
strapped together. The valve 
must, of course, be capable of with- 
standing the input voltage between 
its anode and cathode and _ this 
limits the application of the circuit 
to voltages of about 3,000 volts or 
less. A CV73 beam tetrode is used 
in this case, being connected as 
a triode, and the output voltage is 
obtained from between its anode 
and cathode. Potentiometer R:R:; 
gives the necessary grid voltage for 
the valve. 

Any change in voltage Vi changes 
the grid voltage of the CV73 valve 
(V:) and thus its anode current. 
This current change produces a 
variation in the voltage across the 
series resistor R: which compensates 
for the change in Vi. For example, 
if V: increases, voltage Rx: goes up 
where ir is the current through 
potentiometer R:R:. Therefore, the 
grid voltage of V: becomes more 
positive so that the anode current i» 
increases and the drop in voltage 
across R: increases (since is flows 
through R:). This increase in volt- 
age counteracts the increase in Vi 
and the output voltage remains 
substantially constant. It is advis- 
able to insert a variable resistor in 
the line R.R: so that small variations 
can be made in the values of R: and 


in the Appendix that the ratio of 
the percentage change of output 
voltage to the percentage change of 
input voltage, i.e., the quantity 





OS are 

V. av, 3 siven by :— 
dv... Vi __ 

Vo dV 


1 


pute Pee 
ee n(n) 


where v is the constant reference 
voltage, i.e., the voltage 
across the neon tubes 
# is the amplification factor 
of the CV738 
ra is the anode resistance of 
the CV73. 


Also, the ratio of the percentage 
change of output voltage to the per- 
centage change of load resistance 


7 
Rt, i.e., the quantity a. = is 
given by :— 
ave Ry 
Vo dRy 
i — . 1 " 
vo . Ri > a + (Bu Ri 2) 
ra Ri R:+R:- R:. + Rs 
- (2) 
In this case Ri: = 90K2 : Vi = 


8,000 volts. 
Assume for optimum stabilisation 


July, 1949 


R: = 2.1M2, Rs = 8.4M2,. The CV73 
valve when connected as shown has 
the characteristics # = 300, ra = 
100K2, The characteristics of the 
CV188 neon tubes have already been 
given, thus v = 400 volts. 

Vo, Vi 
V. av. 0.03. 
i.e., a change of input voltage of 10 
per cent causes the output voltage 
to change by 0.3 per cent, i.e., by 
about 5 volts. 


. from qa? 


From (2) it can be seen that 
dV, Rs 
V. dR: depends on the value of 
the load resistance Ru. 
Assuming that Ri = 260K° 
av< ty. 
Y. ao 0.006 


i.e., a change in load resistance of 
10 per cent causes the output volt- 
age to change by 0.06 per cent, i.e. 
by about 1 volt. 

A series-valve circuit will now be 
considered. Fig. 24 shows one of a 
number of possible circuit arrange- 
ments. The stabilising valve, in 
this case a CV73 beam tetrode con- 
nected as a triode, is in series with 
the load and a series resistor R: is 
also included. The grid voltage of 
the CV73 is governed by the poten- 
tiometer R:R:. The reference volt- 
age (v) is placed in series w ith R:R’ 
and is obtained from a single neon 
tube CV188 but in this case an auxi- 
liary supply of the order of 100 volts 
is required. 

Variation of input voltage Vi 
changes the grid voltage of the 
valve. Thus the voltage Va across 
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Fig. 24. Series-valve stabilising circuit using 
a CV73 beam tetrode 
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the valve varies and compensates 
for the change in Vi. This method 
is not particularly good as it is 
necessary to have a change in out- 
put voltage Vo in order to produce 
a change in grid voltage of the 
valve. The performance of this 
stabiliser will be calculated. It is 
shown in the Appendix that in this 
case the ratio of the percentage 
change of output voltage to the 
percentage change of input voltage 
is given by: 


dVo Vi 
Vo dV; ies 
1 
3 — Sees de 2 Tt OR Rind of Ga 3 
1+ al ae a a 
Vi R:.+R:; 
and the ratio of the percentage 


change of output voltage to the per- 


centage change of load resistance . 


Ru is given by :— 
qVo Ru _ 
Vo dR 
: Lidities 
1+ Ri[ Ri +R: +Rs+ra +#R2] 
(Ri + 70) (R:+ Rs) 

It can be seen from (8) that the 
valve employed should be one 
having a high “ slope.” 

In this case Ri=10K2 R2=1M2 
(say) Rs=16M2 Vi=2,700 volts 
v=100 volts #=300, rm=100K2, 
Assume R,=260K®, 
dVo Vi 
Vo dVs 


From (3) = 0.087 


i.e., a change in input voltage of 
10%, causes the output voltage to 
change by 0.87%, 1.e., by about 14 
volts. 


From (4) 
5 dV. Ri= 0.022 
Vo dR1 


i.e., a change in load resistance of 
10% causes the output voltage to 
change by 0.22%, i.e., by about 3.5 
volts. 

Many series-parallel valve circuits 
have been designed, each one is 
essentially a combination of the two 
previous arrangements. In these 
circuits there are several possible 
positions for the reference voltage, 
v. Three circuits will be considered 
in, detail. In all of them the con- 
trol grid of the series valve is con- 
nected to the anode circuit of the 
parallel valve and the latter behaves 
as a voltage amplifier. 
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In the first arrangement considered age to the percentage change 
a CV1198 triode is used as the series of input voltage is 0.099, i.e., 
valve and a CV1087 triode as the a change of input voltage of 
parallel one. The reference voltage 10% causes the output voltage 
obtained from a neon tube CV188 is to vary by 0.99%, i.e., by 


placed between the cathode of the 
CV1198 and the grid of the CV1037 
as shown in Fig, 25. 

Any change in the output voltage 
changes the voltage of the cathode 
of the CV1037 with respect to its 
grid which has a fixed potential with 
respect to the positive of the output 
voltage. The change in cathode 
voltage changes the anode current 
of the CV1037 and hence the grid 
voltage of the CV1198. This pro- 
duces a change in the voltage drop 
in the CV1198 which counteracts the 
change in output voltage. Analys- 
ing this circuit as in the above cases 
and remembering that. for the 
CV1198 #=18 and ra=2,800 ohms and 
for the CV1037 #=25 and r.=100K2 
it can be shown that the ratio of the 
percentage change of output volt- 


about 16 volts, similarly a change 
in load resistance of 10% causes 
the output voltage to change by 
about 0.064%, i.e., by about 1 volt. 


Another satisfactory series-paral- 
lel circuit is shown in Fig. 26. Five 
neon tubes are employed to give the 
reference voltage v and in this case 
an auxiliary supply is also required. 
A stabilised voltage of 500 volts is 
available across the neon tubes if re- 
quired. A CV1198 triode is used as the 
series valve and a CV78 beam tetrode 
connected as a triode is used as the 
parallel valve. Here the grid volt- 
age of the CV73 is controlled by part 
of the sum of the output voltage 
and the reference voltage. Change 
in output voltage changes the grid 
voltage of the CV73 and therefore 
its anode current. This changes 
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the grid voltage of the CV1198 and 
hence its current and the voltage 
drop across it which counteracts the 
change in output voltage. 


Analysing this circuit and remem- 
bering that for the CV1198 #=18 
and ra=2,800 ohms and for the CV73 
valve when triode connected #=300 
and m=100K2 it may be shown that 
the ratio of the percentage change 
in output voltage to the percentage 
change in input voltage is 0.024 and 
in output voltage to the percentage 
the ratio of the percentage change 
in load resistance is 0.000019. 


As stated earlier these circuits 
can be used for a wide range of 
voltages by choosing the compon- 
ents carefully. For example, in this 
circuit a stabilised output voltage 
of from 1,900-2,100 volts can be 
obtained by increasing the input 
voltage to 2300 volts and making 
Ri=25K2, R2=2.7M2, Rs=50K®, 
Ri=550K2., 


A third satisfactory circuit is shown 
in Fig. 27. In this circuit the grid of 
the parallel valve is controlled by 
the input voltage and not the out- 
put voltage as in the previous two 
circuits. CV1198 triodes are’ used 
for both series and parallel valves 
and five neon tubes CV188 together 
with an auxiliary supply give the 
required reference voltage. Any 
change of input voltage changes the 
grid voltage of the parallel valve 
and hence its anode current. Since 


the grid of the series valve is con- 
nected: to the anode circuit of the 


parallel valve the grid voltage of 
the series valve is changed. Hence 
there is a variation in the voltage 
drop across the series valve which 
counteracts the change in input 
voltage and keeps the output volt- 
age practically constant. The 
great advantage of this circuit is 
that the output voltage can be 
made independent of the input volt- 
age, if as shown in the Appendix, the 
following condition is satisfied :— 


Rs #(Rit+#s Ri)= 
(R: + R;) (Rs + Rs+ Tap) 


where :— 


ras= anode resistance of the series valve 


Tap= 59 9 9988 parallel 
valve 

#s=amplification factor of series 
valve 

#»=amplification factor of parallel 
valve 


and R:R:R: and Rs are the resist- 
ances shown in Fig. 27. 


In the case illustrated :— 


Hs =p =20 
Tas = Yap = 2,800 ohms. 


Assume that R:=3.75M2, R:=1M2, 
Ri=2.5K2. Rs=217.5K2, 


Then it will be seen that the above 
condition is approximately true. 


The ratio of the percentage change 
of output voltage to the percentage 
change of load resistance for this 
circuit is of the order of 0.01. 
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Miscellaneous Circuits 
Stabilisers Employing Barretter Tubes 


HE barretter tube consists of 
an element of iron wire enclosed 
in a glass envelope which contains 
hydrogen. Over a certain range of 
voltage across such a tube its resist- 
ance increases nearly proportionally 
with the voltage, i.e., the current 
through it remains substantially 
constant. This can be seen by 
reference to the typical charac- 
teristic of a barretter tube shown in 
Fig. 28. The voltage range and the 
current are governed by the dimen- 
sions of the iron wire. Thus, if a 
barretter tube is placed in series 
with a load across a power supply 
it will absorb fluctuations in. the 
supply voltage. The voltage across 
the barretter changes to counteract 
the variations in the supply voltage. 
Taylor” has described in detail 
one circuit where the barretter is 
placed in series with the primary of 
a transformer (Fig. 29) in order to 
keep the voltage on the latter con- 
stant. In the circuit described, as 
the input voltage varies over the 
range 105 to 130 volts, the voltage 
to the transformer primary remains 
constant at 88 volts to within +1 
volt. Even when the input voltage 
varies over the wide range 90 to 140 
volts the output only varies by a 
maximum of 6 volts, i.e., by about 
7 per cent. 
The characteristics of some avail- 
able barretter tubes are given in the 
table below :— 
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Fig. 28. Typical characteristics of barretter 
tube 
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Stabilisers Employing Metrosil 


Metrosil (similar products are 
known under the trade names 
Atmite and Thyrite) may _ be 


employed with success in voltage 
stabilising circuits. Metrosil”*” is 
a solid which contains silicon car- 
bide and has a non-linear volt- 
ampere characteristic. The current 
through a Metrosil disk varies as 
the fourth or fifth power of the 
voltage across it; i.e., I = AV" or 
Y= sr 


where n = 4 to 5 
k =1/4 to 1/5 
I is the current through the 
disk 
V is the voltage across the 
disk, and 


A and B have values which ° 


depend on the size and 
shape of the disk and the 
material. 


B varies from about 60 to 3,000. The 
material can be adapted to very 
wide ranges of both current and 
voltage. 


Two common methods are avail- 
able for employing Metrosil as a 
voltage stabiliser. In the first the 
Metrosil unit is connected in series 
with a_ resistance R across the 
supply voltage (Fig. 30). The 
resistance R is such that the voltage 
drop across it v is large compared 
with the output voltage Vo across 
the Metrosil. Then variations of 
input voltage, Vi produce only small 
changes in Vo. as shown below. Let 
the current in the circuit be I. 


Then I = AV." 
Also 

Vi=Votv,=Vo+ RI=Vo+ RAV" 
Therefore 


a: Rha Va 4 2) 
av. =1+RAn Vo"-*'=1+ Y. 
1.€., 

Pe Mis ame 

Vo — nVi+V.(1—n) nVi 
approximately. 


Thus the percentage change of out- 
put voltage is approximately 1/nth 
of the percentage change of input 
voltage. That is, if the mput volt- 
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Fig. 29. Stabiliser circuit using barretter tube 
in series with transformer primary 
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Fig. 32. Voltage characteristics of Metrosils 
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age varies by +10 per cent the 
output voltage only varies by about 
+2 per cent. In the second method 
of arranging a voltage stabiliser 
using Metrosil a bridge circuit is 
employed. Two identical units of 
Metrosil M: and M: (Fig. 31) are 
placed in diagonal arms of the 
bridge, the other two arms of which 
contain identical resistances R: and 
R:. At one particular value of in- 
put voltage the bridge balances, 1.e., 
at the point where the input volt- 
age is such that the voltage across 
a Metrosil unit is equal to the volt- 
age across a resistance. If the input 
voltage is increased from zero the 
output voltage starts at zero, rises 
to a maximum value, and falls 
again to zero, then increases in the 
reverse direction as shown in Fig. 32. 
If the working point of the bridge 
is arranged to be at the point P on 
the flat part of the curve, then over 
a certain range of input voltage 
(say Q:Q:) the output voltage is 
substantially independent of the 
input voltage. Ashworth, Needham 
and Sillars” have analysed the cir- 
cuit and drawn up a table showing 
the relation between the various 
currents and voltages and the cir- 
cuit parameters. The data pre- 
sented, which includes the conditions 
for maximum efficiency, is useful 
when designing such a bridge. These 
methods of stabilisation are rather 
inefficient but have several advan- 
tages. The circuits are not limited 
to currents of a few milliamps as 
are circuits containing valves or 
neon tubes and are suitable for both 
direct and alternating current sup- 
plies. Further, there is no appre- 
ciable deterioration in performance 
with time as is frequently the case 
with valve circuits. But any cir- 
cuit incorporating elements with 
non-linear volt- ampere charac- 
teristics usually provides harmonic 
voltages when used on a.c. which 
may be troublesome. 


(To be continued) 
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A NEW VISUAL NULL INDICATOR 


By MAJOR E. H. W. BANNER, 
M.Sc., M.I1.E.E., F.inst.P., 
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5 Sparse high sensitivity of teie- 
phones to small audio-currents 
leads to their wide use for a.F. 
bridges, but there are occasions, 
such as in noisy rooms, where a 
visual indication is _ preferable, 
especially when increased sensitivity 
is required by valve amplification. 
Tie galvanomeier, in some form, is 
then used. The earliest published 
use of such a null indicator appears 
to be in 1932, when the author 
described* a simple one-valve ampli- 
fier with screened input and output 
transformers feeding a_ rectifier 
microammeter as_ the . indicator. 
Since that date many developments 
have occurred, mainly in the direc- 
tion of increased sensitivity and 
various refinements. There is now 
a tendency to omit some of the com- 
plications while retaining the advan- 
tages, and a simple one-valve pen- 
tode amplifier has now been de- 
veloped by Mr. S. J. Wright, B.Sc., 
A.Inst.P. For wide application two 
alternative impedances are _ pro- 
vided, selected by a switch; these 
are a high impedance of 1 M2 with 
one end earthed, and a low impe- 
dance with an input transformer in 
which the actual impedance varies 
from about 1 K2 at 10 Ke/s. to 
about 1002 at 50 c/s. The overall 
frequency range is 40 c/s. to 20 
Ke/s., the maximum sensitivity 
being in the range 100 c/s.- 2 Ke/s. 

The instrument is contained in a 





* Journ. Sci. Inst. IX (July 1932), p. 236. 


small metal screening case carrying 
a 3}-in. instrument as the indicator, 
the other components being inside. 
The zero position of the pointer is to 
the left of the scale so that any 
deflexion moves the pointer over the 
scale. It is iniended for 50 c/s. 
mains, but will also serve 40-100 
c/s. Tappings deal with mains volt- 
ages of 110, 210, 230 and 250 V. 

Controls are on the front of the 
panel and comprise a central On-Off 
switch, a sensitivity control and a 
three-position input switch for High, 
Off and Low Impedance. In the Off 
position the amplifier is_ short- 
circuited. 

The circuit diagram shows the in- 
put transformer T:, with double-pole 
switch S: serving to select the 
desired impedance range. A capa- 
citor of 0.1 #F, C:, passes a.c. and 
prevents the potential divider R: 
which forms the sensitivity control 
from being a _ conducting circuit 
between the terminals. The valve is 
a 6J7 pentode with an output trans- 
former T: in the anode lead which 
passes signal current to the micro- 
ammeter via a 4-element bridge 
rectifier MR1. The microammeter 
has shaped poles for maximum sen- 
sitivity in the zero position. It has 
a sensitivity of 0.1 in. on the scale 
for 0.1 #A near zero, with a resis- 
tance of 2K2. A transformer 7: 
with a half-wave rectifier MR: and 
an electrolytic capacitor C: of 1,000 
HF forms the power supply unit. 
From this R: of 0.1 M2 and C: of 
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0.25 #F set the screen voltage. The 
cathode circuit contains the resistor 
R;s of 47002 and an electrolytic 
capacitor of 50 #F, A separate trans- 
former winding T; feeds the valve 
heater. 

The overall instrument sensitivity 
at maximum gain and high impe- 
dance is about 1 mV, the higher the 
frequency the greater the deflexion 
up to about 5 Ke/s., where it is 
0.05 in., falling off above 15 Ke/s., 
all with an input of ImV. At low 
impedance the sensitivity is 0.01 in. 
defiexion at 0.03 mV at 50 ¢c/s., and 
it increases with frequency. 

The overload capacity of the 
instrument is high, as the valve is 
used insensitively with a low anode 
voltage, and by virtue of the non- 
linear instrument characteristic due 
to the shaped pole-pieces the current 
through the microammeter does not 
exceed 1 mA even with 10 V applied 
to the input terminals. 

It will be seen that the instrument 
comprises a sensitive and robust null 
indicator of high or low impedance 
as required, suitable to audio- 
frequency bridges in general. 

Acknowledgment with thanks is 
made to Baldwin Instrument Co., 
Ltd., for permission to publish the 
design details of the instrument. 


EXPERIMENTAL  V.H.F. 
TRANSMISSIONS 


As has already been announced, 
the B.B.C. intend to make a 
full-scale trial of A.M. and F.M. as 
soon as the V.H.F. station now 
building at Wrotham is ready. In 
the meantime experimental V.H.F. 
transmissions with A.M. and F.M. 
are being made from two transmii- 
ters at Alexandra Palace. The 
carrier frequencies are 90.3 Mc/s. 
for F.M. and 93.9 Mc/s. for A.M. 
Both transmitters carry the Third 
Programme every day from 6 p.m. 
to midnight, and in addition the 
F.M. transmitter carries the Light 
Programme from 11 a.m. to noon 
and from 2.30 p.m. to 4.30 p.m. on 
Mondays to Friday inclusive. Verti- 
cal polarisation is normally used for 
both transmissions, but horizontal 
polarisation may he substituted at 
any time and the operating schedule 
may be altered without notice. 
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Projective Three-dimensional Displays—ror 


CATHODE-RAY tube as con- 

ventionally used gives a two- 
dimensional display. That is to say, 
it shows the way in which one 
variable depends on another, by 
means of a two-dimensional graph. 
It is true that, for example in tele- 
vision or radar, the brightness of 
the spot may be used to represent 
the dependent variable, which can 
then be shown as a function of two 
independent variables. In one sense 
this could be described as a ‘“‘ three- 
dimensional ”’ display, but we shall 
here use the term to refer to dis- 
plays in which the position of the 
spot is under the control of three 
variables. 


There is no difficulty in making 
the position of the spot depend on 
more than two variables. Probably 
most of us who use oscilloscopes 
have at some time connected up 
X and Y leads, but omitted to make 
the ‘‘ earthy ”’ connexion, so that 
a stray 50 c/s. voltage has super- 
imposed itself on the pattern and 
displaced it into a ‘* waving car- 
pet ’’ (Fig. 1). More careful users 
may like to make the experiment 
deliberately. The simplest way is 
to insert the secondary winding of a 
suitable mains transformer in series 
with the lead which would normally 
be connected to the earthy terminal 
of the oscilloscope. 


The problem of devising a useful 
three-dimensional display lies rather 
in separating out the part which 
each of the three variables has 
played in producing a given pat- 
tern, since with three variables ‘“‘ in 
control’, any one _ spot-position 
corresponds to an infinite number 
of possible combinations of vari- 
ables. 


Now a picture of a three-dimen- 
sional subject, on the screen of a 
C.R. tube, is essentially a projec- 
tion of the subject, on a plane 
making certain definite angles with 
its three axes of reference. 


We have thus two problems in 
this type of display — firstly to 





* Wheatstone ae Laboratory, University of 
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London King’s College. 
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Fig. |. A ‘‘ waving ’’ carpet 
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(a) View along Z axis 
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secure a reasonably accurate pro- 
jection of three-dimensional data on 
the X-Y plane of the C.R. tube, and 
secondly to remove the ambiguities 
which exist in any single projection. 


It should be mentioned that this 
projective method} is not the only 
way of displaying three dimensions. 
A comprehensive paper on the dis- 
play of three-dimensional radar 
data has appeared recently,’ and 
includes an account of optical 
methods of filling a small volume 
of space with data so as to form a 
“truly ” three-dimensional picture. 


Projection 


Looking along any ais, X say, 
of a_ three-dimensional reference 
system, one has a “ plan view ”’ of 
the other two axes Y and Z. If, 
however, the line of sight is rotated 
to a position half-way between X 
and Z axes in the XZ plane, the 
view of the Y axis, will be un- 
changed, but the other direction of 
the field of view will include ‘‘ some 
of X and some of Z.”’ (Fig. 2.). 


In mathematical terms what one 
sees is the projection of X and Z 
axes on the plane normal to the line 
of sight. The apparent horizontal 
co-ordinate 2’ of any point in the 
XZ plane will thus be the difference 
between the projections of its true 
co-ordinates x and z on the “ plane 
of sight.” In general, (Fig. 3), 
when the X axis has been rotated 
through an angle ® from the pusi- 
tion of Fig. 2(a), i.e., when the Z 
axis makes an angle 9 with the line 
of sight, the “‘ visible co-ordinate ”’ 
w’ of a point P (a, z) is given by: 

x’ = xcos? — zc089 ............... 
The corresponding “ invisible”? z 
co-ordinate is given by: 

2 = xcos? + zsing (2) 

Now let us assume that we have 
three voltages, x, y and z, of which 
y varies with x and z so as to 
describe a _three-dimensional pat- 
tern. Clearly all that we have to do 
to obtain a view along the Z’ direct- 


, 











Fig. 3. 


Rotation of X axis through angle § 





t The first published account of projective tech- 
nique is believed to be the Patent application of 
Parker et. al.*. Mention should also be made of a 
— by Dumont Laboratories’, and a paper by 
Schmitt‘ on similar lines. 
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tion, is to mix the X and Z voltages 
in the proportions cos? and sin? 
before applying the resultant to the 
X-plates of our C.R. tube. In fact, 
if we apply a fraction xcos? to one 
X-plate, and zsin® to the other, the 
tube will subtract them automati- 
cally and give the required X’ 
deflexion to the spot according to 
Equation (1). The result will be a 
view of the pattern described by 2, 
y and z, from ground level as it 
were, and at an angle ® to the Z 
axis. (Fig. 4, see page 252). 

More generally, the line of sight 
may be at an angle oblique to all 
three axes. The rule which we have 
found for the simple case can easily 
be extended, and in its general form 
can be stated thus: 


To obtain a projection on a plane 
in which the axis X’, Y’ are specified 
by direction cosines (lm) and 
(lemm:) relative to the X, Y Z axes, 
mix the 2, y, z voltages in the pro- 
portions of the direction cosines of 
X’ and Y’. In other words, make 

a’ = hatmytmz ............ (3) 

y = hat+ my t+ nz 
and if z' is required, 

2 = bat msyt mz ...........00. (5) 
where (lsmsns) are the direction 
cosines of the line of sight. 

Rotation 

In everyday life, the two-dimen- 
sional projection of the solid world 
on the retina of the eye is given 
“* depth ”’ in a number of ways. The 
tension in the focusing muscles, the 
convergence of the eyes and the 
different views seen in binocular 
vision, and, of course, long ex- 
perience of familiar objects, all help 
us to distinguish between a small 
object near at hand and a large 
one farther away. Sometimes, how- 
ever, even these are insufficient, and 
we have to take the trouble to move 
our point of view to see another 
aspect of the field, from which the 
ambiguity is resolved. This impor- 
tant facility of relative rotation—so 
commonly used, for example, in 
“parallax ’’ methods of optical 
measurements—is fortunately very 
simple to secure in our projective 
displays, and provides the key to 
the problem which confronted us at 
the beginning of this article. 


There are many ways in which we 
may choose to rotate our pat- 


tern, but one of the most convenient 
methods is to carry out the selection 
of aspect in two independent stages. 

The first corresponds to the trans- 
formation 


which we considered 
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Fig. 5. A resistive resolving circuit 


(Equations 1 and 2), which effec- 
tively rotates the pattern about the 
Y axis. With ganged attenuator- 
controls to mix  continuously- 
variable proportions of 2 and z 
according to Equations 1 and 2, we 
can select any angle of view (9) at 
the turn of a knob. 


Ganged potentiometers are very 
suitable for this purpose, though 
‘* resolvers ’’ of other kinds, such as 
magslips, may be used over limited 
frequency ranges. (We shall return 
to practical considerations). 

The second stage of aspect—selec- 
tion can conveniently correspond to 
rotation about the X’ axis—choice 
of the angle of elevation of the line 
of sight. The principle is the same 
as before, but in this case we must 
combine y with the voltage 2’ which 
is synthesised in the first operation 
(Equation 2) so as to form: 

y = ycos? — 2’sin@ 
and if we wish: 

2” = ysin®? + 2’cos? ............... (7) 

Here 2” is the “ invisible ”’ co- 
ordinate normal to the face of the 
C.R. tube. Its use in providing 
perspective will be discussed below. 

These two facilities can together 
remove any structural ambiguities 
present in a given projection, since 
any surface which is seen ‘‘ edge- 
on ”’ under one rotation is “‘ opened 
out ” under the other. 


A Practical Circuit 


A practical circuit to effect the 
transformations which we have been 
considering is shown in Fig. 5. The 
two stages of rotation, about Y- and 
X’-axes respectively, can be fol- 
lowed quite separately. RV: and 
RV: are ganged potentiometers 


which theoretically should be graded 
according to sine and cosine laws, 
but may in practice be linear, with 
suitable modifications. In the first 
stage, voltages «cos? and zsin? are 
derived from RV: and RV: and 
passed to the X-plates (preferably 
through a balancing amplifier). 
RV: and RV: are ‘‘cross-connected”’ 
to RV: and RV: so that voltages 
asin? and zcos@ are supplied to the 
adding circuit Ris. The latter is 
one form of the well-known 
** anode-follower ”’ circuit, in which 
approximately equal resistances are 
used in the input and feedback paths 
of the sign-reversing amplifier A:. 
A: should have a frequency-response 
extending at least to the lowest fre- 
quency present in a, y or 2, but its 
linearity is of negligible importance 
owing to the complete negative- 
feedback. The output is given by 
the formula: 

a, 


’ 





m ; 
bag (xsin® + zcos®) ... (8) 
Where @ is the gain of A:, and m 
is the ratio R:/R:, R: and R: being 
equal. Equation (8) represents 
simple addition if we make m = 
ae 3 
a+] 
gain is large, the value of m re- 
quired will not differ much from 
unity, whatever the actual value of 
a, Changes in gain (or _non- 
linearity) will have correspondingly 
little effect on vo, which is then 
equal to —z’. A single valve can 
provide ample gain for most pur- 
poses, 

The second stage—a _ rotation 
through 9—is identical in principle 
with the first, but since A: changes 


Vo 


, and it is clear that, if the 
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the sign of 2’, the voltage applied to 
the Y-plates is ycos? + 2’sin9, 
while the ‘‘ perspective ’’ voltage 
ze’ is — (ysin? — 2'cos?). Both 
z and 2” are developed at low 
impedance, since feed-back re- 
duces the output impedance of 
A: and A: to a few hundred ohms. 
The output of A: can thus be 
directly connected to the “‘ perspec- 
tive’ circuits, and can be quite 
heavily loaded without ill effects. 
2” can readily be increased by 
making Rs approximately « x R:, 
One must, however, ensure that A: 
can deliver the correspondingly 
large peak output voltage. 

The design of RV:-. and RV s-s is 
not critical if the measuring tech- 
niques adopted are to be of the 
“* scale-free ’’ sort described below. 

If accuracy is required, mechani- 
cal linkages can be designed to make 
linear potentiometers follow the 
required sinusoidal law. For most 
purposes, however, iti is sufficient 
to obtain ‘‘ 3-point ”’ correction by 
a device such as that shown in 
Fig. 6. 

If the complete range of RV 
corresponds to angles from 0° to 
90°, the ratio in the half-way posi- 
tion corresponds to an angle of 45°, 
and should ideally have a value 
sin 45° or 0.707. This can be 
arranged by connecting a shunt resis- 
tance R;s as shown, with a value 
approximately 3 x RV. Where a 
load resistance such as R: is present, 
R; can easily be modified to allow 
for its effect. In general, for a ratio 
of 0.7 at 45°, 


Rs = 8RV/ 8 + 14(RV/R:) 


It should be mentioned that 
somewhat expensive continuously- 
rotating sine-cosine potentiometers 
exist, with centre-tapped elements 
and facilities for extracting both 
sine and cosine fractions of the 
applied voltage. A push-pull input 
is required (relative to centre-tap). 
Using these, one is no _ longer 
restricted to one quadrant of view, 
(though, of course, all other quad- 
rants provide only replicas’ or 
mirror images of the first). 

Again, if push-pull signals are 
available, there is no reason why 
ordinary centre-tapped linear poten- 
tiometers should not be used to give 
180° rotations if desired. The 
example described here is merely the 
simple one which the author has 
found adequate for electronic com- 
putation work and class lectures, 
and is by no means exhaustive of 
the possibilities. 
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Fig. 7. A magslip resolver 


The use of magslip resolvers will 
only briefly be mentioned, as their 
frequency-characteristics make them 
unsuitable for general-purpose work, 
and in particular they are incapable 
of resolving steady or low-frequency 
potentials. 

In one form, illustrated in Fig. 7, 
two windings at right angles pro- 
duce magnetic fields proportional to 
a and z. Two rotating coils, also 
at right angles, have voltages in- 
duced in them 
acos? + zsin?, and «sin? — zcos?, 
respectively, where @ is the angle 
shown. 

Thus one unit performs all the 
operations required for a given rota- 
tion—a strong point in favour of 
magslips when the nature of the 
voltages x, y and z makes it pos- 
sible to use them. Their sine-cosine 
law is very accurately followed, and 
they are, of course, capable of con- 
tinuous rotation. 


Perspective 


There is one remaining ambiguity 
which we have not yet. removed—a 
rather more subtle one. A pattern 
such as Fig. 8(a) can be pictured 
in two ways-—-one with AB nearer 
to the observer than CD, the cther 
with AB farther away. Both are 


proportional to. 
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equally justifiable views. In other 
words, ‘* turning the pattern inside 
out ’’ makes no difference. What it 
lacks is perspective, the property by 
which receding parallel lines appear 
to converge. Thus, Fig. 8(b) on the 
other hand leaves us in no doubt 
that CD is behind AB. What we 
have to do is to make the scale of 
our picture vary with the depth, 
which is in our case the “ unseen ”’ 
co-ordinate 2”. 


In practical terms, we must con- 
trive to adjust the deflexion- 
sensitivity of our display (or, what 
amounts to the same thing, the gain 
of our 2 and y’ amplifiers) in 
sympathy with 2”. Fig. 9 illus- 
trates this. We wish to display a 
point P which has an X’-co-ordinate 
wv’ and is nearer to the observer E 
(co-ordinate z-) than the origin O 
by an amount 2”. Since, however, 
our display is all in one plane OX’Y’, 
the point P is actually represented 
by a point P’, the projection of P 
from E, on the X’Y’ plane. The X’- 
co-ordinate of P’ must therefore be, 
not 2’, but: 

a’ x Ze (Ze = 2 

The simplest method of modulat- 
ing a in this way is to control the 
accelerating voltage of the C.R. 
tube. Since the sensitivity in an 
electrostatic tube is inversely pro- 
portional to the accelerating voltage 
V, the effect of subtracting a volt- 
age @ x 2” from: V is exactly what 
we require, if we make @ = V/ze. 


” 


For example, if the observer is 
3 ft. away, and if the picture-scale 
is 1 ft. per 1,000 volts, then o=V/3 
where V is in kilovolts. 


Two points of detail may need 
attention : 


The focus of an electrostatically 
focused. tube remains unaltered only 
if the ratio of potentials applied to 
the gun is kept constant. It is 
desirable therefore to apply 2.2” 
not merely to the accelerating 
anode, but to the whole potential- 
divider feeding the gun, as indicated 
in Fig. 10(a). C: and C:are small capa- 
citors chosen to maintain the ratio 
at high frequences. With electro- 
static deflexion, astigmatism may 
be troublesome, and it is preferable 
to feed 4.2” into the C.R. tube circuit 
via the last H.T. smoothing capa- 
citor (Fig. 10(b)). 

Similar considerations apply to 
magnetically deflected tubes, but 
the sensitivity is then inversely pro- 
portional to VV, so that the law is 
less exactly followed. 
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McKAY . PROJECTIVE 


\ 


Fig. 4 (a). Fig. 4 (b). 
Fig. 4. Three elevations of a surface y=f (x, z) 
(a) Along X-axis 
(b) At 45° to X— and Z-axis 
(c) Along Z-axis 


Fig. 4 (c) Fig. 19 (a). 
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THREE-DIMENSIONAL DISPLAYS 


oe 


Fig. 19 (b). Fig. 19 (c). 


Fig. 19. Five stages in the development of a secondary-cinission “ valley ’’ in the characteristic surface of a tetrode 


W 


Fig. 19,(d). Fig. 19 (e). 
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The brightness of the trace will 


ee - 


c o c D c D tend to increase with accelerating 

voltage, making the more distant 

oie eS ee portions of the picture appear 

A A A brighter. To counteract this it is 
simplest to feed a fraction of 2” to 


the grid circuit of the C.R. tube, so 
as to increase the bias as 2” in- 
creases. One way of doing this is 
shown in Fig. 10(c). Here RV» con- 
trols the standing grid bias, while 

“8 RV. controls the fraction) of the 
(a) (b) (c) modulation appearing, via Cz, be- 
tween grid and cathode. 








The last point brings us to a 
second method of dealing with the 
ambiguity of Fig. 8(a), which is 4 
illustrated in Fig. 8(c). Ii we can 
arrange to brighten the parts of the 
picture which are nearer, the eye 





Fig. 8 (a) (b) and (c). The problem of perspective 

































































































































































seems to be quite deceived. (Fig. 
8(c) is identical in structure with 
Fig. 8{a), but the enhanced bright- 
ness of AB leaves us in little doubt 
Line of, ht 2 ae that CD is farther away. E 
P In many cases this method alone 
aa c is sufficient to remove ambiguity, pa 
rr Ri and is considerably simpler to al 
L Cl achieve than the first, since grid- ho 
‘ = modulation can be applied directly, re 
and 2” requires only to be an 
HT. Co Rs attenuated. { - 
= The two methods in combination fre 
a are, of course, still more effective, an 
> < and can be applied, for example in dit 
Fig. 10(c), simply by “ over- co. 
compensating”? on RV». lin 
Stereoscopic Displays ren 
on : We shall not consider here in tul 
= cys E (0. Ze) og yy MF oa Xo axis Fives aidaads af abceinind eecuine detail the addition of stereoscopic sel 
pe NO Se (~23.) en D convergence vision to projective displays, which no 
i is rather outside the scope of the an 
present paper. Fundamentally the cal 
problem involves the presentation of kas 
two projections from slightly dif- al 
ferent points of view, either alter- . 
nately on one tube, or on two tubes ts 
with their screens optically super- ) e 
“an* posed. Means must then be provided th 
>| A : to ensure that the left eye sees only on 
:z" the one (left-hand) view, while the for 
ss right eye sees only the other. ing 
‘ q ut (To be continued) en 
+ 1 cir 
. lat 
HT. Ve0t.2” REFERENCES ing 
Parker, E. & Wallis, P.R.J., Inst. Elec. Eng. ent 
* Parker, Wallis & Woroncow, Brit. Prov. Pat. App. 
er 9942/46, 30/3/46. an 
* Dumont Lab. Engg. Report No. 92, 20/9/46. ael 
«Schmitt, 0. H., J. App. Phys. 18, p. 819, 1947. fle 
-— for example, J. Z.. Radar Convention Papers ue 
+] 
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The 
Electromagnetic 
Horn 

—Port I 


By W. D. OLIPHANT * 


WeABLY theoretical analyses’ had 
indicated the possibility of pro- 
pagating electromagnetic waves 
along dielectric wires and through 
hollow conducting tubes, but only 
recently has the practical realisation 
and importance of the subject been 
demonstrated. This has been made 
possible by the means for generating 
frequencies of the order of 300 Mc/s. 
and upwards, when the physical 
dimensions of the guide apparatus 
come within practical laboratory 
limits. 

Transmission phenomena in dielec- 
tric wires and through conducting 
tubes are entirely different in them- 
selves and they also differ from 
normal free-space wave propagation, 
and from propagation along lines or 
cables. The properties of hollow-tube 
wave guides, and in particular those 
of rectangular and circular section, 
have received considerable theoreti- 
cal and practical investigation, and 
a selection of the published papers 
is given **. Natural extensions of 
the subject are the cavity resonator 
and the electromagnetic horn, the 
former providing a means for utilis- 
ing the phenomenon of resonance 
and of replacing the familiar tuned 
circuit at hyper-frequencies, and the 
latter providing a means for radiat- 
ing or absorbing electromagnetic 
energy in a highly directive manner 
and thus of replacing the orthodox 
aerial array and its associated re- 
flector system. The present paper 





* Research Dept. Messrs Ferranti Ltd., Edinburgh 
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Hoy 


( COMPRISING Ey Hx ANO Hz) 





Fig. | Rectangular Hollow Tube Wave Guide. (Relevant Dimensions and axes of reference) 


will deal with the theory and prac- 
tice of the electromagnetic horn 
primarily as a radiator of energy, 
but, in accordance with the general 
theorem of reciprocity, the inverse 
property of energy absorption is 
understood everywhere to apply. 
Basically, an electromagnetic horn 
is the open end of a hollow tube 
wave guide wherefrom the guided 
waves are launched into free space 
and the radiation pattern depends 
on the configuration of the guide 
end. It will be shown that, by 
flaring the open end into a _ horn 
structure of suitable dimensions, the 
radiation efficiency and directivity 
may be considerably increased and 
secondary lobes and other spurious 


Fig. 2. Rectangular tube 
guide radiation (co-ord- 
inate system at open end) 


effects, such as backward radiation, 
reduced to a negligible amount. By 
comparison with other highly direc- 
tive aerial systems at hyper-fre- 
quencies, the horn compares very 
favourably and its inherent sim- 
plicity, both constructionally and 
operationally, indicate considerable 
advantage in its use. 

The action of the flared mouth may 
be regarded as providing an approxi- 
mate impedance match between the 
guide and the external medium, and 
in this way, subject to considera- 
tions associated with the relation 
between wavelength and physical 
dimensions, it may be compared 
with its dynamical analogue, the 
acoustic horn. The precise horn 
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configuration is dependent primarily 
on the guide section to which it is 
attached, and, of the rectangle and 
circle, the former presents the 
simpler construction and it, at the 
same time, makes possible the radia- 
tion of a true linearly polarised 
wave. The flare may be produced 
in two directions to form a pyra- 
midal horn, or in one direction 
only to form a sectoral horn. The 
characteristics of such horns will be 
developed step by step, commencing 
with the rectangular hollow tube 
wave guide. 


Part 1.—Theoretical 
Considerations 


Guided Waves in Conducting Tubes of 
Rectangular Section 


The guided wave in a non-dissipa- 
tive twin wire or concentric feeder 
possesses a field which is wholly 
normal to the axis of the system; 
that is to say, the axial components 
of the E (electric) and H (magnetic) 
intensities of the wave are zero, and 
the system will transmit waves of all 
frequencies with the same phase 
velocity. In the hollow conducting 
tube, on the other hand, there must 
always exist an axial component of 
either (or sometimes both) the E or 
H intensities. In accordance with 
the accepted notation, a tube-guided 
wave possessing both a longitudinal 
and transverse component of the E 
field but only a transverse compo- 
nent of the H field is called an E- 
wave or transverse magnetic wave 
(TM-wave). A wave possessing both 
a longitudinal and transverse com- 
ponent of the H field but only a 
transverse component of the E field 
is called an H-wave or transverse 
electric wave (TE-wave). 

In each case there exists a funda- 
mental wave denoted by E> or Ho, 
and, in addition, geometric harmonic 
waves wherein the nth harmonic is 
denoted by E. or Hs. Furthermore, 
the harmonic waves are extended in 
‘order ”’; thus the nth harmonic 
wave of mth order is designated Eom 
or Hom. Each wave, of whatever 
type, harmonic or order, has its own 
critical or cut-off frequency below 
which the waves are rapidly attenu- 
ated and above which they are freely 
transmitted. This critical frequency 
is governed by the tube dimensions. 
A tubular wave guide thus exhibits 
the properties of a high-pass filter, 
and in the transmission band intro- 
duces considerably less loss than do 
the parallel wire or coaxial cable 
counterparts. 
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Fig. 3. 
The sectoral Horn 


A typical rectangular hollow tube 
wave guide with relevant dimensions 
and axes of reference is shown in 
lig. 1, and it is assumed for present 
purposes that the guide is non- 
dissipative. The type of guided- 
wave which possesses the most 
outstanding properties is the funda- 
mental transverse electric wave of 
the first order—the Hun wave—and 
attention will therefore be confined 
to it alone. This type of wave is 
characterised by an E field intensity 
which is normal to the direction of 
propagation (x-axis) and parallel to 
the side a (y-axis). The intensity 
distribution along the z-axis is a half- 
period sinusoid, the maximum value 
occurring at the centre of the section. 
When the open-ended tube is em- 
ployed as a radiator of energy, this 
intensity distribution produces a dis- 
placement current sheet across the 
mouth whose current elements are 
all parallel and of equal phase, and 
which therefore all produce similarly 
polarised component space waves. 
The resultant space wave is thus 
vertically polarised and the radia- 
tion characteristic is a single-lobe 
beam. Other practical advantages 
of the Ho wave include the lowest 
critical or cut-off frequency for a 
given section of guide and negligible 
attenuation which decreases with 
increase in frequency. Further- 
more, its use calls for a minimum 
of material in the construction of 
the guide, as will presently be 
shown. 

The excitor electrode is positioned 
at the closed end of the tube to coin- 
cide with a line of electric intensity 
in the field pattern and the optimum 
position can best be obtained by 
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making the closed end in the form of 
a movable piston reflector which 
maintains a high conductivity joint 
around its periphery. The length of 
the excitor electrode should also be 
capable of adjustment so as to pro- 
vide a correct impedance match be- 
tween the guide, excitor and concen- 
tric feeder connecting with the 
source. 

For a rectangular hollow tube 
wave guide, it can be shown that the 
critical wavelength (A.) is given by 
the simple relation : 


Xo = 2b TeEETELELEET EET ET (1) 
and the cut-off frequency (fo) by 
Ter TOI RD cisncieciseyeseasae (2) 


where c is the free space-wave 
velocity = 3 x 10° cm/sec. 

In terms of the free space excita- 
tion wavelength (A-), the wavelength 
in the tube (At) is given by 

At = \/M 
where 


[1 -(2+)] ea 


The interesting point to note is 
that the critical wavelength is not 
dependent on the dimension a which 
is parallel to the electric vector Ey 
and so the tube may be madeof small 
cross-sectional area provided only 
that Equation (1) is satisfied and 
that adequate space is available for 
the insertion of a suitable excitor 
electrode. For a given operational 
wavelength the Ho: wave thus re- 
quires less material in the guide con- 
struction than would be the case for 
a circular or square section tube 
required to transmit any of the pos- 
sible wave types. 
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From Equation (3) it is evident 
that A: > Ae and thus the phase 
velocity in an _ air-filled tube is 
always greater than that in free 
space. The value of the phase 
velocity is given by 

v> = c/M (5) 
and this approaches the value c when 
Xe becomes small compared with 2b 
or Av. 

In transmission line practice it is 
customary to express the general 
property of the line in terms of its 
characteristic impedance, and appro- 
priate impedance expressions may be 
derived on a power or a current- 
voltage basis for a hollow tube wave 
guide. In problems associated with 
radiation, where the essential quan- 
tity is field intensity, a quantity 
(Zo), symbolic of impedance, is given 


by 
Zo = He/M (6) 


where # is the magnetic permeability 
of the medium within the tube, and 
in the case of air this has a value 
47 x 10-* henry /cm. 


For a plane wave in free space the 
er “amg value is 
= = 877 ohms, and it 
can he seen “that this value is 
approached in Equation (6) as b be- 
comes considerably greater than the 
excitation wavelength Ae. Thus by 
flaring out the end of the tube in the 
direction of the z-axis, it is possible 
to approach an impedance match be- 
tween the guide and the external 
medium. The horn structure, apart 
from directivity considerations, may 
thus be regarded as a non-uniform 
hollow tube guide with impedance 
matching properties in the same 
manner as the non-uniform trans- 
mission line. 


Rectangular Tube Guide Radiation 


The Ho: wave launched by the ex- 
citor electrode (Fig. 1) will travel 
along the tube to the open end when 
the greater part of the wave energy 
will be radiated into free space: 
only a small part of the energy will 
be reflected back along the tube. 


The properties of this simple form 
of radiator have been investigated 
both theoretically and practically by 
Barrow and Greene‘ who derive ex- 
pressions for the horizontal and ver- 
tical field characteristics for a funda- 
mental transverse electric wave of 
any order (Hom). The equations here 
given are simplified in virtue of the 
fact that only the first order wave is 
being considered, and the co- 
ordinate system adopted is shown in 
Fig. 2. 


a 
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The relative magnitude of the 
electric intensity normal to the 
radius vector r, which is large com- 
pared with the excitation wave- 
length (A-) and with the guide 
dimensions, in terms of the angle 
(referred to the x-axis or direction 
of propagation) is given by the fol- 
lowing two equations: 

(a) Vertical characteristic 
plane for points Pxy). 


Eo (xy) 


(xy- 


= C | (cose +). cos? 


(7) 


(b) Horizontal characteristic (xz- 
plane for points Px:). 


— 
Eo(x) = C | (cos? + M)- ere 
Sai ja capseunaeaitas (8) 
where 
A=T7W,sin9 
B=7 Whrsin@ 
W.=vertical aperture = a/d [ 
W.1=horizontal aperture=b/)- ) 


and M is given in Equation (4). 


The quantity C is a comprehensive 
constant taking into account the ex- 
citer current and frequency, the size 
of the tube and the value chosen for 
the radius vector about which the 
field intensity is being explored; in 
short, C does not influence the rela- 
tive field distribution provided the 
factors just cited do not vary. 


From Equations (7) and (8) the 
first minima are found to occur 
Oxy = sin' ou 


when 
1 3 
a 6x,= ore pag may 
 aaeetcs tsa) 


and so the vertical and horizonta! 
beam angles are given by 


] 
6. = Qin-* = 
scieen ye SRE (10) 
E 3 
6, = 2sin~’ OW. 
since the field configurations are 


symmetrical about the x-axis. 


For equal apertures the beam will 
thus always be sharper in the verti- 
cal plane than in the horizontal, 
being in ratio of 2:3. In general, 
any values of beam angle may be 
provided for by suitable choice of 
W. and Wu, that is to say, of a and 
b. 


In the operational limit when the 
tube is functioning at its critical 
wavelength, then >. = 2b, hence 
W.» = 4 and B = 37.sin®; this Equa- 
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tion (8) reduces to: 
| cos($7.sin9) 
E z C <anagepnsaipeAiniiinenincniactintedtee 
citi | cos 
which is almost a circle possessing a 
major axis in the direction of propa- 
gation. 


Again, when a > o, then Wy > 0 
and so A > 0, giving rise to a limit- 
ing value for the vertical charac- 
teristic in the form 

Eo(xs) = C| (cos?+M)cos® | (12) 
and if in addition the critical wave- 
length is also reached, then M = o, 
and so in the double limit 

Ea(xx) = C.cos’é (13) 

Such an examination of the basic 
equations given at (7) and (8) re- 
veals the manner in which the direc- 
tive radiation pattern is dependent 
not only on the physical dimensions 
of the guide orifice but also on the 
cperational wavelength. In general, 
it may be stated that for a sharp 
beam in the horizontal plane (the 
usual practical requirement), the 
operational wavelength should be 
considerably less than the cut-off, 
wavelength, which is another way 
of stating that the horizontal width 
of the guide orifice should be large 
compared with the operating wave- 
length. 


In the previous section, impedance 
match was seen to be approached by 
flaring the horizontal tube dimen- 
sion, and in the present section such 
flaring also indicates a sharpening 
of the horizontal beam characteris- 
tic. It is now necessary to see how 
these qualities are achieved by the 
fitting of an actual horn structure 
to the end of the hollow tube guide 
or of the use of a finite length of non- 
uniform hollow tube guide. 


The Sectoral Horn 


The relevant dimensions of a sec- 
toral horn, together with the axes of 
reference, are shown in Fig. 3. The 
material of the horn, like that of its 
parent tubular guide, is of high con- 
ductivity, at any rate as far as the 
inner surface is concerned. 


The horizontal and vertical aper- 
tures are defined in terms of the 
wavelength and mouth dimensions 
in accordance with Equations (9), 
but in addition there exists a relative 
radial ‘‘ length” (ar) and cut-off 
‘length ’’ (ao) defined by the equa- 
tions. 


a= ri] re \ 
do = ro/ re J Cece ever sesseceressesees 


Such a conductive structure may 
be excited either by .attaching a 
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hollow tube-feed to the throat or by 
direct excitation when the excitor 
electrode, backed by an adjustable 
reflector, is inserted into the throat 
region. For wavelengths of the 
order of 20 cm. or less the former 
method is recommended, while the 
latter is reserved for the longer 
wavelengths; in either method of 
excitation substantially the same 
radiation field characteristics pre- 
vail subject to certain dimensional 
requirements dependent on _horn- 
wave propagation. For purposes of 
radiation analysis, the field distribu- 
tion across the mouth is taken to be 
the same as that across the appro- 
priate section of a similarly flared 
horn of infinite radial length when 
end effects are absent; the ideal 
mouth distribution is thus the same 
as that produced by the Hu wave in 
the guide radiator. 


In the tubular guide the wave- 
length (A:) was greater than that in 
free space (-) and, as is to be ex- 
pected in the case of horn-wave pro- 
pagation, the wavelength at the 
throat end is much greater than that 
at the mouth end, and there thus 
exists a crowding of the H-lines with 
attendant high field intensity in the 
vicinity of the throat. In the throat 
region the waves suffer a high de- 
gree of attenuation, while further 
along the horn they encounter little 
or no attenuation, and it is cus- 
tomary to think in terms of an 
attenuation region and a transmis- 
sion region through which the waves 
must pass. The horn, in effect, acts 
as a specialised form of guide for 
electromagnetic energy, allowing it 
to spread out in such a manner as to 
create a transverse wave across the 
relatively large boundary surface at 
the mouth. 

In the attenuation region (small 
r), the phase constant P is very small 
compared with its free space value 
of 27/., while in the transmission 
region (large r) P is practically 
equal to the free space value. 

For a fundamental transverse elec- 
tric wave of any order (Hom) the 
attenuation constant («) and the 
phase constant (4) for the attenua- 


tion region are given approximately 
by [5] 
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where. r is the radial distance 
measured from the apex or origin in 
the xz-plane. 


Similarly, for the transmission re- 
gion the approximate relations are: 


aed 


The line of demarcation between 
the attenuation and transmission re- 
gions is not well defined, but it is 
evident from the first of Equations 
(15) that the radial distance to 
which the attenuation region ex- 
tends increases with wave order and 
with decrease in flare angle. For a 
given flare angle the horn therefore 
presents the properties of a wave- 
order filter tending to suppress the 
higher order in favour of the lower 
order waves. 


The phase velocity (vp) and wave- 
length (n) within the horn are given 
by 
o/B 
2m / 8 

The group velocity (vz) in the case 
of any wave propagation in air or 
vacuo is given in terms of the phase 


Up = 
My = 


velocity in accordance with the 
equation 
ve = c’/ Op creveseces (18) 


Thus, since the phase velocity in the 
throat is larger than c it follows that 
the throat group velocity is less than 
c. As the horn wave progresses 
radially, the phase velocity de- 
creases, while the group velocity 
increases, until at the mouth they 
are both equal to the free space wave 
velocity c. 


The above theory applies generally 
to a horn which extends radially to 
infinity, but in practice it may also 
be taken to apply to a horn of finite 
length. For purposes of radiation, 
the mouth is taken to be several 
wavelengths beyond the attenuation 
region, thus calling for an overall 
relative “‘ length ”’ (vr) of the order 
of about 8 to 10; in addition the flare 
angle is limited to a maximum value 
of 90°. 


In calculating the field distribu- 
tion, the radiation is taken to 
originate from the displacement cur- 
rent sheet across the mouth in pre- 
cisely the same manner as was done 
in. the case of the guide radiator. As 
far as the vertical characteristic 
(xy-plane) is concerned, the radia- 
tion conforms with the configuration 
given in Equation (7), being inde- 
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pendent of the flare angle. The 
rigorous mathematical analysis for 
the horizontal characteristic (xz- 
plane) is distinctly involved and can 
be found elsewhere,’ but for flare 
angles not greater than 50° the 
expression already given in Equa- 
tion (&) may be employed to a high 
degree of practical accuracy pro- 
vided the horizontal aperture is of 
the order of 3. For flare angles 
greater than 50° the experimentally 
observed lobes are broader than 
those obtained theoretically by the 
use of Equation (8) and the dis- 
crepancy increases rapidly with in- 
crease in flare angle. Thus within 
the 50° limit, the beam angle (4) 
may also be computed as for a tube 
radiator. 


In assessing the behaviour of a 
horn as a radiator, apart from its 
directive qualities, the relative 
power gain is taken as a measure of 
its effectiveness. By relative power 
gain is meant the ratio of the power 
radiated by a simple dipole to that 
radiated by the horn to produce the 
same E-field strength at a fixed 
point on the principal axis (x-axis) 
distant many wavelengths from the 
origin. The power gain is found to 
be dependent on the flare angle for 
a given fixed radial length and is 
also proportional to the vertical 
aperture (Wv) and relative radial 
“length ” (ar). 


(To be continued) 
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Fig. 3. Examples showing the meaning of the resolution factor 


Equation 2 gives: 


- Ae Gd Fees iets cians ie (3) 


An improvement in resolution there- 
fore implies a reduction of sweep 
frequency or an increase in the 
swept band. 


Selectivity. 


The “ selectivity factor ’’ (n) is 
cefined as 2w/f, and is a measure of 
the degree of accuracy in respect of 
frequency. From Equation 2: 

V 2sb 
“ioe ree SSD ne vlan Bade Reg eee (4) 


This implies a maximum swept 
band limit, whereas Equation 3 
implied a minimum limit. Together, 
they imply a minimum frequency 
limit to the sweep: 


nr 


This should be compared with the 
following form of Equation 3: 


“70D Tee eae eae (8a) 


r 





Practice. 
In practice, s is limited by the 
nature of the screen. With an 


ordinary high-speed screen, s must 
not be less than 25 c/s., or flicker 
will appear. With after-glow screens, 
s may be reduced to 0.2 c/s. 

It has been stated that r should 
normally lie between 0.03 and 0.003, 
and similar values are desirable for 
n. Combining these requirements 
with those for s, it is seen that the 
minimum bandwidth and the mini- 
mum! frequency of the sweep are 
both 55.5 Ke/s. With the after- 
glow screen, both may be reduced to 
150 c/s. 

These, however, apply only when 
the worst usable values of r and n 
are employed. A resolution of 0.03 
corresponds to the reading accuracy 
obtainable with a C.R. Tube having 
a screen 3 cm. in diameter and a 
spot 1 mm. in diameter. It should 
be noted that 0.03 is the electrical 
resolution, and that the visual 
resolution would be 0.06 if this size 
of tube were used, giving a 2 mm. 
indication width. 


With a more useful resolution 
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r = 0.01 (10 cm. screen, 1 mm. spot) 
the limit. frequencies increase to 500 


Ke/s. and 4 Ke/s. 
Evading the Limitations. 


These inherent limitations cannot 
be avoided, but they can be evaded. 
One possible solution for low fre- 
quency sweeps, or where very good 
resolution is requiired, is the use of 
logarithmic frequency sweep. In 
this, the rate of change of frequency 
is proportional to frequency, and 
the optimum value of w varies with 
frequency. 

In the case of the passive type of 
display, where w is the width of the 
pass band of a tuned circuit, it is 
difficult to obtain the full advan- 
tage of logarithmic sweep. A recent 
American design actually varies the 
bandwidth of the circuit by a con- 
trol voltage during the sweep, but 
this is a complex and difficult pro- 
cedure. 

For the passive display, however, 
another method is available. This 
involves ‘‘ shifting ’’ the observed 
band to a less restricted region by 
hetrodyning. The technique has 
been applied with success in recent 
experiments on vibration analysis. 
Frequency Relating Circuits 

The heart of any fanoramic 
apparatus is the circuit used to 
relate the C.R. Tube deflexion volt- 
age and the observation frequency. 
Some possible circuits will be 
described. 

Reuctance Valve. 

The most familiar circuit for relat- 
ing voltage and frequency is the 
reactance valve (Fig. 4). In this, 
the signal across the oscillator coil 
is applied across the anode and 
cathode of a valve, while a voltage 
which is 90° out of phase with this 
signal is fed to the grid. The anode- 
cathode impedance is thus substan- 
tially reactive, the magnitude of the 
reactance, and hence the oscillator 
frequency, being controlled by alter- 
ing the standing bias of the valve. 

The reactance valve has a limited 
sweep range, and the relation be- 
tween voltage and frequency tends 
to become non-linear when large 
sweeps are used. It is, nevertheless, 
a very useful circuit. 

It can be used with advantage in 
a beat-frequency circuit. when the 
controlled oscillator can operate at 
a frequency much higher than thal 
required at the output. In this 
case, an automatic drift correcting 
circuit is desirable. 
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90° PHASE CHANGE 
NETWORK 


OSCILLATOR 
TUNED CIRCUIT 


Fig. 4. Reactance valve circuit 


For very wide sweeps, two klys- 
trons have been used in such a cir- 
cuit, the sweep being obtained by 
variation of the reflector voliage of 
one of the valves. 


Resistance Valve. 

Both the input and output impe- 
dance of a cathode follower depend 
on the mutual conductance of the 
valve, and can be used to control 
the frequency of an R-C_ tuned 
oscillator. It is usual to employ the 
output impedance, but the input 
resistance can be made to give a 
wider sweep. 

The negative input resistance con- 
dition of a cathode follower can be 
used to couple a reactance vale to 
the oscillator. This avoids the resis- 
tive loading which is mainly 
responsible for the limitation of 
reactance valve performance. 


Mechanical Sweep. 

It is possible to control the sweep 
by mechanical means, such as a 
motor-driven tuning capacitor, but 
there are several disadvantages, and 
the method should only be used as 
a last resort. 

If mechanical sweep is used, it is 
necessary to derive the deflexion 
sweep voltage from the frequency 
variation. This can be done by use 
of circuits of the ‘‘ cycle counting ”’ 
type, or by using filters with a vary- 
ing attenuation over the sweep 
range, so that the output voltage 
varies with frequency. 

When difficulty is experienced in 
obtaining a. linear sweep with 
ordinary methods the technique of 
making the voltage dependent on 
the frequency can be used to advan- 
tage in conjunction with the reac- 
tance valve and other circuits. 


Auxiliary Circuits 


Marker Circuits. 


Like all forms of oscilloscopes, 
panoramic display apparatus is best ° 
used for comparison rather than 


0 


measurement. The provision of 
marking points on the display are 
valuable for comparison purposes. 

In general, the marker circuits 
should be independent from the 
main display circuit, and marks in 
the form of bright spots are then 
possible. A system which has been 
found very useful is the provision of 
a number of crystal controlled spot 
frequencies, and a_ variable fre- 
quency for interpolation. 


Constant Output Circuits. 

The variable frequency oscillator 
is required to sive a constant output 
over the whole sweep. Some form of 
constant output device is therefore 
desirable. Many circuits used for 
this in the normal way cannot be 
applied here, owing to the rapidity 
of the frequency variation. 

The circuit which has been found 
of greatest use is that in which a 
control signal derived from the out- 
put voltage is made to control the 
oscillator amplitude. The selection 
of time constants requires consider- 
able care. 


Video Amplifier. 


If amplification is used after the 
detector, it must respond to all fre- 
quencies between s and w c/s. In 
cases where this gives rise to diffi- 
culty, it is possible to avoid post- 
detector amplification by using a 
high-level detector feeding the C.R. 
tube directly. 


Applications 


Passive Types. 

The panoramic receiver is fairly 
well known, and has especial advan- 
tages when it is necessary to moni- 
tor the signals present within a 
given frequency band. It is also of 
value for frequency comparison 
work. 

The audio frequency equivalent is 
the panoramic analyser. This dis- 












A typical production model 


plays the harmonic components of 
the input signal, and permits very 
rapid assessment of amplifier perfor- 
mance in terms of the distortion of a 
square wave input. It has also been 
used to analyse musical notes. 


Aclive Types. 

The use of active displays for 
aligning band-pass tuned circuits is 
well known, and this technique has 
also been applied to the alignment 
of peaked circuits with success. The 
method, is of especial value in align- 
ing television receivers, and a varia- 
tion used in this connection is to 
sweep the video modulation fre- 
quency of a 45 Mc/s. carrier, so 
that the overall video response is 
observed. This is the only method 
of aligning television receivers that 
does not necessitate subsequent 
adjustment for good picture quality. 

In the _ audio-frequency _ field, 
active displays have been used to 
measure the frequency response of 


amplifiers, rooms, loudspeakers, 
microphones, etc. 
Conclusion 


This brief, and necessary incom- 
plete, survey has shown something 
of the virtues and vices of the 
panoramic technique. If the design 
is carried out in a proper manner, 
panoramic display apparatus can 
be of great value in many branches 
of electronic work. 

Unfortunately, many commercial 
products in this field are badly 
designed, and their failures and 
shortcomings are blamed on _ the 
basic technique. It is_ hoped 
that those responsible will see the 
error of their ways, and modify 
their designs to function correctly. 

Grateful acknowledgments are 
due to the Brit.I.R.E. for permis- 
sion to publish this summary of 
‘The Principles and Practice of 
Panoramic Display,’’ and for, the 
drawings and circuits, which have 
been supplied by them. 
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Dr. J. T. Randall, Wh Prof of 
Physics, King’s College, London 


Magnetron 


EADERS of this Journal will 

have seen with satisfaction the 
announcement in the Press of May 
20 that the Royal Commission on 
Awards to Inventors has awarded 
£36,000 to Professor J. T. Randall, 
Dr. H, A. H. Boot and Professor J. 
Sayers, the inventors of the cavity 
magnetron. 

Dr. Randall and Dr. Boot were 
members of a team under the inspir- 
ing leadership of Professor M. L. 
Oliphant at Birmingham Univer- 
sity, where the original develop- 
ment work on the magnetron was 
carried out; and Dr. Sayers, also at 
Birmingham, initiated the strap- 
ping of the magnetron anodes. 

Dr. Randall is now Wheatstone 








Dr. J. Sayers, Professor of Electron Physics, 
Birmingham University 


Professor of Physics at King’s Col- 
lege, London, Dr. Boot is with a 
Government Research Laboratory 
engaged on further magnetron 
work, and Dr. Sayers is now Pro- 
fessor of Electron Physics at 
Birmingham University. 

It is not an overstatement to say 
that no single contribution to the 
war effort changed the fortunes so 
profoundly as did the iuvention of 
the magnetron in the early days of 
1940. At that time, the Battle of 
the Atlantic was at its bleakest, and 
shipping losses were mounting, the 
Germans having developed suitable 
counter measures to our radio 
detecting methods. 

Almost overnight, however, the 
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Dr. H. R. H. Boot won conducting further 
magnetron research for the Ministry of 
Supply 


Awards 


tide turned, and from then on 
Britain maintained a commanding 
lead in the detection of enemy ships 
and aircraft by the now familiar 
Radar technique. From the early 
magnetron-equipped radar appara- 
tus came the host of other devices 
such as Gee, H:S, Cboe and Rebecca, 
which conquered the submarine 
menace and provided the wonderful 
navigational devices for the R.A.F. 
In these days £36,000 tax free is a 
lot of money, but the award is still 
not over generous. We join with 
Mrs. Randall, who is reported to 
have said ‘‘ The award is not a 
surprise. We have been waiting 
nine years for it.’’ 
So have we! 


H.G.F. 
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NOTES FROM THE INDUSTRY 


“ British Trade Week’’ in Manitoba 
and Saskatchewan 


The United Kingdom Trade Com- 
missioner at Winnipeg (Mr. Fae 
Coventry) has reported that the Pro- 
vincial Legislatures of Manitoba and 
Saskatchewan have both assed 
resolutions calling upon the Lieute- 
nant-Governor of each province to 
proclaim the week of September 26 to 
October 1, 1949, to be designated 
‘* British Trade Week,’’ and request- 
ing all traders to feature and further 
the sale of British goods during that 
week. 

These actions and similar arrange- 
ments from time to time in other parts 
of Canada constitute most favourable 
conditions for United Kingdom ex- 
porters, articularly (in these in- 
stances) i or consumer goods of all 
kinds likely to be saleable to the 
population of predominantly agricul- 
tural areas. 

For United Kingdom firms who 
wish to test the market for specified 
products, the department will be 
pleased to supply the names of 
Canadian buyers of similar goods on 
application. The names of recom- 
mended agents can also be supplied 
(as a longer term undertaking) after 
consultation with the Trade Commis- 
sioners in the areas concerned. 


BBC Engineering Division Changes 


After 25 years service, of which the 
last 18 years have been spent as Head 
of Overseas and Engineering Informa- 
tion Department, Mr. L. W. Hayes, 

4 A.E.E., F.1.R.E., has 
resigned from the Corporation to take 
up the post of Vice-Director of the 
Comité Consultatif International des 
Radiocommunications in Geneva. Mr. 
Hayes will be chiefly concerned with 
the activities of the C.C.I.R. in the 
broadcasting and allied fields. During 
his service Mr. Hayes has represented 
the B.B.C. at nearly a hundred Inter- 
national Radio Conferences in all parts 
of the world. 

The following changes in the Engi- 
neering Division of the Corporation 
have been made as a result.— 

The Overseas and Engineering Infor- 
mation Department, the Engineering 
Secretariat and the Engineering Train- 
ing Department have been formed into 
the Engineering Services Group. Mr. 
F. C. McLean, M.B.E.. a M.LE.E., 
S.M.I.R.E, and Mr. E, L. E. Pawley, 
M.Sc., M.I.E.E., have been appointed 
Head and Assistant, Head respectively 
of this Group. Mr. H. Wilkinson, B.Sc., 
becomes Head of Overseas and Engi- 
neering Information Department, and 
Mr. F, Williams. B.Sc., M.I.E.E., Head 
of Engineering Secretariat. Dr. K. R. 
Sturley, M.I.E.E., continues as Head 
of the Engineering Training Depart- 
ment. 


Change of Address 

Solartron Laboratory Instruments, 
Ltd., have removed to larger and 
more convenient premises at 22 High 
Street, Kingston-on-Thames, where 
they are concentrating on the research, 
design and manufacture of electronic 
instruments and test gear for research 
Laboratory use, 

Opening of Branch Office 

Air Control Installation, Ltd., 
announce that they are opening a 
branch office in Manchester and have 
appointed Mr, F. Wright, A.M.I.E.E., 
A.M.LH.V.E., as Branch Manager. 
Inguiries should for the present be 
addressed to Mr. Wright at 1 Vale 
Drive, Prestwich, Manchester. Tele- 
phone: Prestwich 1658. 


Cinema-Television—Dawe Instruments 


The Electronics Centre, a combined 
showroom for Cinema-Television and 
Dawe Instruments, was opened on 
June 1. Instruments on show include 
atomic equipment, measuring instru- 
ments, stroboscopes, industrial coun- 
ters, oscilloscopes, | communications 
equipment, metal detectors photo- 
graphic flash units, photo-electric cells 
and cathode-ray tubes. 

Visitors will be welcome between the 
hours of 9 a.m. to 12.80 p.m. and 
1.80 p.m. to 5.80 p.m. Monday to 
Friday, 

The address of the _ Electronics 
Centre is 88 Piccadilly, London, W.1. 


British Standard for Capacitors for 
Intrinsically-safe Circuits (B.S. 1551 : 
1949.) 

In response to a _ request by the 
Ministry of Fuel and Power, the 
British Standards Institution has just 
issued a British Standard for the con- 
struction of capacitors primarily in- 
tended for incorporation in intrinsi- 
cally-safe circuits. 

At the time that the Ministry of 
Fuel and Power’s request was made, 
small capacitors were chiefly used as 
a means of spark suppression in remote 
control circuits which were designed to 
be intrinsically safe in accordance with 
the definition of that term given in 
B.S, 1259, Intrinsically-safe Electrical 
Apparatus and Circuits. 

As an outcome of recent research, 
however, alternative methods of spark 
suppression have been found for such 
circuits, but there are other applica- 
tions such as the coupling of an intrin- 
sically-safe telephone circuit to the 
G.P.O. system. The capacitors for 
such a use are covered by this new 
standard, which deals with the dimen- 
sions of the containers and gives full 
details of tests. 

Copies of this standard may be 
obtained from the British Standards 
Institution, Sales Department, 24 
Victoria Street, S.W.1, price 2s, 


Publications Received 


Mullard Instruments for Research and 
Industry. 


A list of instruments for the elec- 
trical laboratory and electrochemical 
and industrial equipment. 


Obtainable from Mullard Electronic 
Products, Ltd., Aboyne Works, 
Aboyne Road, London, S.W.17. 
— 5-73 KW Transmitter Type 

i. 


Full particulars of a medium power 
short wave transmitter for telephony, 
telegraphy or broadcast services. 
Booklet available from Rediffusion, 
Ltd., Broomhill Road, Wandsworth, 
London, S.W.18. 

The Ether Conqueror 
phone. 


Description of the series of radio- 
grams and accessories manufactured 
by Dynatron Radio, Ltd., Raylea 
Road, Maidenhead, Berks. 

Electrical Connectors. 


A leaflet describing their products, 
distributed by Films and Equipment, 
3 188 Wardour Street, London, 

dhe 


Electronic Co-ax Cables (Publication 
No. 27). 


A brochure describing air-spaced 
articulated co-axial cables for radio 
frequencies has been received from 
Messrs. Transradio, Ltd., 188a Crom- 
well Road, London, S.W.7. 

Siemens’ "Engineering Bulletins No. 

287 and 2838/9. 


A description of the Lisbon-Vila 
Franka trunk telephone cable, and 
power cable short circuit data respec- 
tively. Received from Messrs. Siemens 
Bros. and Co., Ltd., Woolwich, 
London, S.E.18. 


The Twenty-ninth Annual Report of 
the Board, 1948. 


Published by the Institute of 
Physics, 47 Belgrave Square, London, 
S.W.1. 


Latest catalogue of Silvered Mica 
Capacitors manufactured by: Stability 
Radio Components, Ltd., 14 Norman’s 
Buildings, Central Street, London, 
E.C.1. 


Radiogramo- 


‘* PERA and Your Production.”’ 


A 44 page brochure, well illustrated, 
giving information on_the objects and 
achievements of the Production Engi- 
neering Research Association of Great 
Britain, Staveley Lodge, Melton Mow- 
bray. 

Acru Electric Tool Manufacturers, 
Co., Ltd., 1283 Hyde Road, Ardwick, 
Manchester, 12.—A leaflet describing 
their new ‘‘ ACRU 24” electric solder- 
ing iron, 
























A New 50-watt V.H.F. Transmitter 
(Photo above) 


LAY peters Telephones and Cables 
Limited have produced a 50-watt V.H.F. 
transmitter especially suited for ground-to- 
air communication. The frequency range 
of the first models is 115-135 Mc/s., but 
since many other uses are envisaged for this 
transmitter, provision has been made to 
supply models to operate on a number of 
bands within the range of 70-150 Mc/s. 


It was found that one of the features 
required at airports was the ability to speak 
through the same microphone to aircraft 
listening on two different frequencies, and 
arrangements have therefore been made 
whereby the operator can select at will 
transmission on either one or both of two 
frequencies. To make this possible the 
R.F. equipment is duplicated and the power 
supply equipment and modulator are 
designed so that they can drive both R.F. 
units at once. A V.O.G.A.D. (Voice- 
operated Gain Adjustment Device), incor- 
porated in the speech amplifier ensures a 
substantially constant depth of modulation, 
irrespective of wide variations of input 
level. 


The transmitter is housed in a single 
cabinet as shown in the photograph. It 
measures 3 ft. 8 in. by 2 ft. by I ft. 9 in., and 
weighs 350 lb. The equipment incorporates 
a meter panel which gives indications of the 
operating conditions and enables meter 
readings to be taken without the necessity 
for access to any of the units. Changing 
frequency has been made extremely simple, 
involving only changing a crystal and 
adjusting one control. : 


Standard Telephones & Cables, Ltd. 
Connaught House, Aldwych, London, W.C.2. 


Ekcovision Table Model TS105 
(Photo below) 
HE lowest-priced combined television 
and broadcast receiver has just been 
marketed by E. K. Cole, Ltd. It is the 
Mode! TS!05, of which the Midlands version 
(TS1105) will shortly be available. The 
makers claim high sensitivity and efficient 
interference suppression for the television 
receiver, which uses a 9-inch diameter tube. 
The radio section is a superhet circuit 
with four pre-set station positions, the 
selected station being shown on one of the 
four illuminated indicators on the front of 


the cabinet. The total weight is less than 
45 Ib. 
Price: 45 gns., plus £10 15s. 0 tax. 


E. K. Cole, Ltd., 
Southend-on-Sea, Essex. 
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Moisture-in-Timber Meter 
(Photo above) 


SS. it is well recognised that 
the drying-oven method is the only 
way of obtaining precise measurements of 
the moisture content of timber, there has 
long been a need for an instrument that 
would give the moisture content to a reason- 
able degree of accuracy within minutes 
instead of the hours required by a drying- 
oven test. Such an instrument can be of 
immense value in the quick examination of 
timber, in the forest, in the yard or during 
kilning. 

The new Moisture-in-Timber Meter, 
developed by The General Electric Co., Ltd., 
provides exactly what is needed for unskilled 
personnel to carry out rapid tests on 
timber. All that is necessary is for the 
instrument to be ‘‘set’’ from a built-in 
standard and it is then ready for indicating 
the percentage moisture directly in terms 
of the dry weight, merely by pushing a small 
electrode fitted with four prods into the 
sample. 


One thermionic valve is incorporated, of 
a type that is widely stocked by radio 
dealers, and the calibration of the instru- 
ment is unaffected by its replacement, 
should the existing one be damaged. 


The tester weighs 13 Ib. and is operated 
from self-contained dry batteries of a type 
that can be purchased at all large electrical 
dealers. 


General Electric Co., Ltd. 
Magnet House, Kingsway, London, W.C.2. 
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Erie Capacitor-Resistor Units 
(Photo above) 

I even: are combinations of capacitor and 

resistor elements arranged in compact 
mechanical form and which have various 
electrical combinations frequently used in 
modern radio and television circuits. They 
have the advantages of saving in chassis 
space, and assembly time, and the improved 
screening which is possible when the 
resistor element is enclosed by the 
‘‘ earthy ’’ capacitor electrode. In addition, 
the concentric method of construction 
makes it possible to keep the inductance 
associated with the capacitor elements to 
very small values so that efficient by-passing 
is obtained at high frequencies. 


Diode Filter 

This comprises two capacitors and a 
resistor arranged in the form of a 7 filter, 
and has its chief function as an R.F. filter in 
diode demodulator circuits, and similar 
applications. 

Values available are: 332 to 10MQ and 
up to 100pF+ l00pF. 


Anode and Grid Decoupler 

This is an L-type filter intended for use in 
decoupling anode or screen-grid circuits 
at H.F. It may also be used as a combined 
coupling capacitor and grid leak by the 
choice of suitable values, in which case it 
may be advisable for the designer to 
consider the question of temperature 
co-efficient where frequency stability of the 
circuit is important. 

Values available are: 33Q to IOMQ and 
up to 5000 pF. 





Cathode Decoupler 
A parallel combination of capacitor and 
resistor which has obvious applications as a 
combined cathode resistor and by-passing 
capacitor in the H.F. applications. 
Values available are: 332 to I0OMQ and 


up to 5000pF. 
Erie Resistor Ltd., 
Millora Works, South Denes, Gt. Yarmouth. 


Mains Connector 

(Photo below) 
NEW 2-pole 5-amp. rated mains 
connector is announced by A. F. Bulgin 
& Co., Ltd. Having the list number F.46l, 
it may be used at 10 amps. on 6-12 volts, or 
! amp. on 500 volts. 3-pole and 6-pole 
varieties can also be supplied. The plug is 

non-reversible. 

A. F. Bulgin & Co., Ltd. 
Bye Pass Road, Barking, Essex. 
The B.T.H. Leak Detector—Type H 

(Photo above) 


HE Leak Detector, Type H, detects the 

presence of vapours of halogen com- 
pounds (those con- 
taining chlorine, bro- 
mine, iodine and 
fluorine) and is app- 
lied in locating small 
leaks in pressure or 
vacuum systems. It 
can detect freon issu- 
ing from a container 
through a leak at the 
rate of 1/10 to 1/20 
ounces per year. 

This instrument is 
suitable for the 











production testing of refrigerators, freezers 
and air-conditioning equipment, where the 
apparatus under test contains a halogen- 
bearing compound. It is applicable also for 
the pressure testing of tanks, pipes, joints 
and welds, etc. 


The Type H Leak Detector consists of the 
detector unit, control unit and the necessary 
leads. The detector unit is a hand-held 
probe with a. convenient grip and a metal 
nozzle with plastic tip. It contains an 
element which is sensitive to halogen 
compound vapours and a blower which 
draws air into the detector unit. 


Built into the detector is a small loud- 
speaker which emits a succession of clicks, 
of which a change in the frequency is an 
indication of the presence of halogen 
compound within the detector head. A 
length of cable is supplied to connect the 
detector unit to the control unit. 


The contro! unit is a_ self-contained 
portable unit containing the power supply, 
amplifier, voltage stabilising transformer, 
indicating instrument and other necessary 
controls. A 20 ft. lead is supplied for 
connecting a 190 to 260 volt A,C. power 
supply to the control unit. 


B.T.H. Research Laboratory, 
ugby. 
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ULTRASONICS, by Benson Carlin. 30s. 
Postage 9d 

OUTLINE OF RADIO—Covering the 
Principles of Kadio, Television and Radar. 
2Is. Postage 9d. 

QUESTIONS AND ANSWERS ON 
ELECTRONICS, by E. Molloy. 5s. 
Postage 4d. 

RADIO VALVE DATA—Compiled by 
Wireless World. 3s. 6d. Postage 3d. 
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BOOK, by A. R. R. L., 1949. 15s. 6d. 
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We have the finest selection of British and 
American radio books. Complete list on 
application. 


THE MODERN BOOK COMPANY 
19-23, Praed Street, LONDON, W.2 
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ELECTRON TUBES. 
Volumes I and II 
RCA Review has just published 
two additional volumes of its 
Technical Book Series : 


ELECTRON TUBES 
Volumes I and II (1935-48) 
consisting of 40 full-length papers, 
52 papers in summary form and 
2 appendices. 

All papers are written by RCA 


engineers and have appeared in 
leading scientific journals. 


Construction, operational and 
theoretical considerations of 
Vacuum Tubes are presented in four 
sections : 
General, Transmitting, Receiving and 
Special. 


Price per volume 


(cloth-bound) 135/- 


Write to: 
RCA PHOTOPHONE 
LIMITED, 

(An Associate Company of the 
Radio Corporation of America), 
43, BERKELEY SQUARE, 
LONDON, W.1. 

















Electronic Engineering 


Cybernetics 
by Norbert Wiener. John Wiley, 1948. 
Price 18s. 
N many ways this is a book to 


gladden the heart of an electronic 
engineer, for it pursues variations on 
the theme of feedback through all the 
great range of subjects for which “‘ one 
has always felt’’ that a _ unifying 
treatment was possible. The some- 
what inharmonious title of the new 
field is derived from the Greek for 
‘““helmsman,’’ and will alone doubt- 
less guarantee the work a_ mixed 
reception, particularly from those to 
whom its forms of thought are new 
and of uncertain value.’ But the more 
courageous will find that the elegance 
of Professor Wiener’s mathematical 
approach compensates both for the 
title and the highly condensed form 
in which it is presented. Essentially 
his thesis is that “‘ the study of sensi- 
tive automata, whether in the metal 
or in the flesh, is a branch of com- 
munication engineering,’’ for which 
the appropriate methods are those of 
statistical mechanics and group 
theory. 

What gives direction to the arrow 
of time? Wiener answers that in the 
** Bergsonian’’ time of _ statistical 
mechanics there is a _ unidirectional 
flux of information. This quantity is 
defined, apart from sign, in the same 
Way as thermodynamic ‘entropy, and 
the association of the two is not new. 
What the author has done, however, 
is to set forth its fundamenta! role in 
widely-differing cybernetic processes. 

Chapters III sia IV come perhaps 
nearest to the home ground of the 
electronic engineer. They include the 
frnit of some years of war work on 
filter design and prediction, but make 
difficult reading for the non-specialist. 
Particularly important contributions 
are made to the central practical 
problem of identifying the ‘‘ degrees 
of freedom” of a _ time series—of 
reducing it to canonical form. 
Quantal aspects of information do 
not, however, receive much explicit 
notice.” Some familiarity with recent 
papers such _as Shannon’s on Com- 
munication Theory*® may be found an 
aid to the digestion of this important 
section. 

In Chapter V, ‘‘Computing Machines 
and the Nervous System,”’ the author 
outlines the principles on which 
numerical and logical data can be 
manipulated by automata. The prob- 
lems of simulating behaviouristic 
aspects of logical reasoning, memory. 
conditioned reflexes and learning, and 
so on, can be met in principle by the 
joint application of mathematical logic 
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and feedback to the organisation of 
machines operating on a binary scale, 


and including retentive and other 
devices familiar in the field of elec- 
tronic computation. It is explicitly 


and wisely denied that anything more 
than possible models of physiological 
mechanisms are being described. The 
argument that a mechanistic account 
of cerebral activity would prove that 
thought was ‘“‘nothing but’ a physico- 
chemical process, would be too naive 
when stated in that form to carry con- 
viction; but in various guises it has 
never lacked its devotees, and it is 
perhaps relevant to remark that no 
fundamentally new philosophical issue 
appears to be raised by the present 
volume. The construction of an auto- 
nomous artefact would, in the opinion 
of the present reviewer, be of immense 
value and interest, to philosophers 
among others; but the result would be 
to clarify, rather than to resolve, the 
outstanding issues. 

In this connection it also appears 
to the reviewer that the behaviouristic 
significance of interna] noise (artifi- 


cially induced or otherwise) would 
repay further study. In the main 
logical ‘‘ mill’’ of such a device it 
weuld merely predispose to vulgar 


errors. But in controlled amounts at 
other points its effects would tend to 
increase the resemblances between 
human characteristics and those of the 
machine in much more _ interesting 
ways. In conjunction with analogue 
techniques, a number of concepts such 
as probability, preference, prejudice 
and so on could find especially simple 


analogues. 

It would be churlish to accuse a 
professedly introductory volume of 
naiveté, but one wonders’ whether 
some of the space devoted to a long 
and chatty introduction could not 


have been saved for more detail in 
exposition. As one example of a 
communication channel, this, of all 
books, ought in its structure to be 
statistically matched to its intended 
public; and one wonders whether in 
its present form it represents an 
optimum design. Its task is made 
harder by the lack of an index, and 
the presence of numerous misprints in 
this first edition. 

Less than justice has here been done 
to the scope and significance of Pro- 
fessor Wiener’s subject, bearing as it 
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REVIEWS 


does on almost every branch of know- 
ledge. In many respects the book will 
invite and perhaps deserve criticism; 
but it is important that it, and much 
more on the same subject, should 
become widely read. 

D. M. MacKay 


The Theory and Use of 
Complex Variable 


by S. L. Green, M.Sc. 
1948. 12s. 6d. 


HIS small book on the theory of 

the complex variable has already 
proved a valuable and readable intro- 
duction to the subject. To the 
engineer it is valuable, since it in- 
cludes in the text many details ot 
manipulation which can hardly be 
called mathematical methods, yet are 
useful time and time again, Moreover, 
the examples are printed in large type 
and seem to be chosen with possible 
applications in mind. 

The last two chapters (8 and 9) dis- 
cuss briefly applications in potential 
theory and alternating current theory. 
The electrical engineer may _ regret 
that they are not much longer, but 
in such a short all-round introduction 
any intensive investigation in one field 
is not possible. A more serious criti- 


Pitman 2nd Edition 


cism is that the discussion of the 
integration of complex variables in 
Chapter 4 is very short. Far more 


examples could well be included in 
view of the importance of this method 
of dealing with complicated integrals 


in radio work or elasticity, and in 
Laplace transforms. 
In Chapters 1 and 2 complex 


numbers are introduced in a consistent 
Way using the Argand diagram, and 
the important theorem of De Moivre 
is discussed and applied to integration 
and series summation. Chapter 3, on 
series, is entirely concerned with the 
exponential function and has many 
useful formule. Chapter 4 deals with 
complex functions and methods of 
examining them and plotting them, 
besides integration and  Cauchy’s 
theorem. Chapter 5 on conforma] trans- 
formations is very long for this book, 
but is especially relevant to applica- 
tions of complex variables, as it con- 
tains a detailed discussion of some 
important transformations. The 
Schwartz-Christoffel transform which 
transforms a polygon into a half-plane, 
is dealt with separately in Chapter 7. 

There is no mention in the preface 
of any changes from or additions to 
the first edition. 


G. J. Kyncu 


Hectronic Engineering 


New Advances on Printed 
Circuits 


United States Department of Commerce. 
National Bureau of Standards. Miscellaneous 
Publication 192, 73 pages, 43 illustrations 


6 tables. Price 40 cents. 
IKE all publications by _ the 
National Bureiu of Standards, 


Washington, this booklet is well set out 
with clear and relevant illustrations, 
and full of interesting subject matter. 
It has often been said that British 
industry must look to America for a 
lead as far as production methods are 
concerned. This booklet certainly de- 
serves close attention from designers, 
engineers and management in the radio 


_and electronic industry. 


The Editor is Dr. Cledo Brunetti 
whose publication on the same subject 
in 1947 was widely read in this country 
and caused unusual interest. This 
publication shows that American indus- 
try has taken full advantage of the 
information published then and has 
forged ahead not only in the develop- 
ment of new methods and collection of 
data but also in turning this technique 
to a useful purpose in construction and 
production, 

The book contains 22 papers read by 
representatives of American industry 
and Government Laboratories at a Con- 
vention on the subject in November, 
1948. Dr. Brunetti himself starts by 
surveying the existing methods impar- 
tially and giving some useful hints on 


design to users, as well as a list of’ 


available components and details of 
performance. Methods of depositing 
printed wiring on high temperature 
material and in particular ceramics are 
presented by representatives of the 
Centralab Division of Globe Union, Du 
Pont de Nemours and Continental 
Carbon. Methods on low temperature 
materials are described by representa- 
tives of Metaplast, Altair Machinery 
Corporation, Spraywire Laboratories, 
Franklin Airloop and Kenyon Instru- 
ment Co. All these companies give 
their methods in detail with useful 
figures on performance. ‘Thus it is 
claimed that silkscreen printed conduc- 
tors lin. long by 0.03 in. wide have a 
resistance of 0.1 ohm, a surprisingly 
high figure which can be bettered in 
this country. 

Stress is put on the value of sub- 
assemblies and composite components. 

Much, however, depends on _ the 
availability of high K ceramics in the 
cowstruction of these. Messrs, Centra- 


lab’s article ends with an interesting 
comparison of cost between ordinary 
wiring and a printed assembly. It. is 
not surprising that this company which 
has so well understood the value of this 
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technique stands supreme in_ the 
market. f 

Messrs. Du Pont’s defence of the silk 
screen method and of subsequent plat- 
ing, especially on plastics, is one with 
which oe experts in this country will 
agree. The list of applications and 
details of economics are, however, 
worth studying. : 

The low temperature techniques show 
only disadvantages over methods 
developed in this country and most 
lecturers are very frank about these. 
Apart from the method given by the 
Franklin Airloop Co. which includes 
valuable data particularly on heavy 
duty wiring, there is little new in this 
section. Perhaps the most valuable 
part of the booklet is the descriptions 
of components either manufactured by 
these methods or specially suitable for 
incorporation in printed circuits. These 
are by representatives of International 
Resistance Co., who have thoroughly 
studied the question of laminated resis- 
tors, bulk produced, and adjusted by 
area, and Remington Arms Co., who 
give full details of the vitreous enamel 
capacitor about which we have heard 
so much recently. ; 

Other interesting contributions on 
the subject are ae by Corning Glass 
Co., et al. An outstanding contribu- 
tion comes from  Balco  Researcn 
Laboratories, who give a particularly 
interesting description of resistors an 
coils. The latter are printed on quartz 
or glass ready for insertion. Also dis- 
cussed are capacitors on plastic film 
and high K ceramics. An_ interesting 
paragraph on assembly technique is a 
valuable contribution. 

The papers most worthy of note to 
British readers are those given by users 
of printed circuits describing articles 
already on the market and _ those 
planned. Outstanding is a contribu 
tion by B. V. Blom, of the Signal 
Corps, describing how printed circuits 
help in design of constructions used for 
military purposes, particularly as 
regards miniaturisation; unitised con- 
struction: increased frequency cover- 
age; number of pre-set channels and 
reliability; lower operating voltage: 
operation at higher frequencies, and 
over extreme climatic conditions. Last- 
ly, it promises increased mass produc- 
tion capabilities. Representatives of 
various companies describe their printed 
products which may be summarised in 
the words of Al Gross. of the Citizens 
Radio Co. “ Printed circuit techniques 
are here to stay, for they are a boon 
to the radio and electronic industry.” 
A paper on fundamentals by L. 
Marton, of the N.B.S., is further 
worthy of mention. 

The booklet ends with a summary on 
a questionnaire filled in by 527 repre 
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sentatives of American industry which 
represents a testimony of faith in the 
method and a vote of confidence in the 
future of printed circuit technique in 
general. Of special interest is a list of 
equipment to which the technique can 
be applied giving the percentage of 
those present who are interested in the 
particular application. It is remark- 
able that Home Receiving Equipment 
(AM and FM) top the poll with 35 per 
cent. Aircraft equipment and tele- 
vision receivers are next. Altogether 
20 subjects are listed. 


It is regretted that this book, unlike 
its predecessor, contains no_ biblio- 
graphy, and it is even more to be 
regretted that like its predecessor it 
will not be readily available to all engi- 
neers in this country who might profit 
by its study. 

P. P. Horr. 


Theorie et Applications des 
Tubes Electroniques 


D. G. Fink, Dunod. Paris, 1948. 


HIS is a French translation of Mr. 

D. G. Fink’s well-known book in 
the McGraw-Hill series, and_ the 
anonymous translator has done _ his 
work well. The problems at the end 
of each chapter have been included, 
and an appendix gives definitions of 
the A.I.E.E. electronic terms. The 
best summary of the book is given in 
the phrase on the cover band, whica 
is far more expressive in the original 


French: ‘‘ Sans mathématiques supé- 
rieures ni vulgarisation élémentaire.”’ 
G. Parr 


Proceedings of B.T.H. Summer 


School in Electronic Engineering 


Published privately by the B.T.H. Co. Ltd., 
Rugby. 

N the summer of 1948 the British 

Thomson-Houston Company held a 
unique meeting for professors of elec- 
trical engineering at their Rugby 
works, at which the company’s staff 
gave lectures and demonstrations of 
seme of the latest developments in 
electrical and allied science. These 
lectures have been issued in book form 
for private circulation, and should 
prove of great value to all engaged ir 
teaching the advanced aspects of the 
subject. A limited number of copies 
are obtainable by executive engineers 
and senior officials on application to 
the Publicity Department at Rugby. 


Basic Technical Electricity 
Cleaver-Hume Electrical Series 


No. | by H. Cotton, M.B.E., D.Sc., M.I.E.E. 
Cleaver-Hume Press, Ltd., 238 pages, 74 figs 
Price 8s. 6d. net. 


ROFESSOR COTTON has a wide 
_ reputation as an author of elec- 
trical engineering textbooks. He is the 
general editor of a new series of nine 
volumes, the Cleaver-Hume Electrical 
Series, but it is not clear whether or 
not he is to write them himself. His 
avowed intention is to provide elec- 
trical knowledge for daily work or 
pastime, and in the preface he claims 
that this volume contains the minimum 
of theory as well as such fundamentals 
as will be required in reading the later 
volumes, While he mentions electronics 
in the preface, he does not introduce 
the subject in this volume. We must 
therefore assume that the later volumes 
will not be concerned with applications 
of thermionics. 


Writers of books on_ technical 
electricity have in the past evaded 
the purely scientific issue, and adopted 
the attitude that if the reader 
does not already know the fundamental 
physics of the subject it is no part of 
that particular writer to remedy the 
omission. The fields of theoretical 
physics and applied electrical science 
overlap to such an extent that the 
overlap cannot be ignored and employ- 
ing the electronic theory from the 
beginning, as this book does, is most 
helpful. 


The presentation is that normally 
used, the production of an electric 
current, followed by the effects of 
current, that difficult subject ‘‘ Work 
Power and Energy ’’, then magnetism 
and electromagnetism and lastly units 
and measurements. The reviewer 
would have been pleased if Pro- 
fessor Cotton had adopted the optimis- 
tic conception of a conductor and used 
conductance and mhos straightaway on 
p. 26, where we are introduced co 
resistance but perhaps it was venture- 
some enough to mention it on p. 34 
for future employment. 


The numerical examples in the text 
are a great help in_ understanding 
quantities, especially electrical units, 
and the test questions at the end are 
valuable to the reader who wishes to 
check his grasp of the subject, 

The plates of large power plant are 
somewhat premature and though they 
are interesting to the beginner their 
place is more properly the later 
volumes. 


H. CiarKe 
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New 5-KW FM Transmitter 


NEW R.C.A, 5-KW FM trans- 

mitter designed for broadcasters 
who require up to 60 KW effective 
radiated power has been announced by 
the R.C.A. Engineering Products 
Department. High efficiency and low 
tube and operating costs are claimed 
for the new Model BTF-5A_trans- 
mitter. It is particularly adapted for 
use with a four-section Pylon antenna 
with a gain of six to obtain 20 KW 
radiated power. 

This transmitter, combining the 
Direct FM” circuits common to 
previous R.C.A. transmitters with the 
power saving grounded grid circuit, is 
capable of furnishing power output of 
from 1,000 to 5,000 watts to the trans- 
mission line, and when used with the 
R.C.A. high-gain Pylon antenna, can 
provide radiated power up to 60 kilo- 
watts. 

Structurally, the 5 KW FM trans- 
mitter consists of three standard trans- 
mitter cabinets. The exciter (and a 
spare, if used) and its power supply 
are located in the centre cabinet. The 
R.F. amplifier circuits are housed in the 
left-hand cabinet, and the high-voltage 
power supply and control circuits in 
the right-hand cabinet. Cabinet 
styling and appearance are the same 
as that of all unit enclosures of other 
R.C.A. FM transmitters of both lower 
and higher power. 

A variety of R.C.A. Pylon antennas 
may be used with the new transmitter 
including the standard and heavy duty 
types. By adding from one to eight 
sections, radiated power of from 
7.5 kilowatts to 60 kilowatts is possible. 
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America 


Being a selection of American electronic equipment and products, with 
notes compiled from the manufacturers’ data. 


RCA 5794 Triode (Photo on left) 


HE 5794 is a fixed-tuned U.H.F. 

oscillator triode with two integral 
resonators for use in radiosonde trans- 
mitters operating at 1,680 megacycles. 
One of the resonators is fixed-tuned 
and is attached between grid and 
cathode; the other is tunable over a 
narrow range about 1,680 megacycles 
and is attached between grid and 
plate. The latter resonator is loop- 
coupled to a coaxial R.F.-output ter- 
minal. The 5794 has a useful power 
output in the order of 500 milliwatts. 


Features contributing to the useful- 
ness of this valve in radiosonde service 
include its compact metal construc- 
tion, low battery drain and small fre- 


‘ quency drift. 


R.C.A. Photophone, Ltd., 
43 Berkeley Square, 
London, W.1. 


Rahm Medical Equipment 


HE following electro-medical equip- 
ment is described in_ brochures 
issued by Rahm Instruments Inc. 


All-mains _ electro-encephalograph 
gives smudge-proof, inkless recording 
** Duratape.”’ The amplified uses 
miniature valves to give a maximum 
gain of ten million (1 mm. deflexion 
per microvolt). 


A fixed- and a_ variable-frequency 
stimulator. For neurosurgical use in 
determining Motor-Cortex areas and 
locating sensory pathways. 


Two electro-shock monitors; a com- 
prehensive model with variable shock 
voltage and duration (from 0.1 to 1 
second), and a smaller and lighter type 
with only the essential features of the 
more expensive modél incorporated. 
Both monitors, however, are fully safe- 
guarded. 


Rahm Instruments Inc., 
12 West Broadway, 
New York 7. 


HE Fourth National Instrument 

Exhibition is to be held in the St. 
Louis Municipal Auditorium from Sep- 
tember 12 to 16, 1949. It is anticipated 
that upwards of 10,000 people will 
inspect the exhibits, which will include 
scientific and industrial instruments 
and devices for measurement, inspec- 
tion, testing and control. 


Technical sessions of the Instrument 
Society of America, American Institute 
of Physics, Industrial Instrumenis and 
Regulators Division of the American 
Society of Mechanical Engineers, and 
the Instruments and Measurements 


Committee of the American Institute 
of Electrical Engineers, the Institute 
of Radio Engineers, the American 
the National Telemetering Forum, 
will be held in the Auditorium 
while the exhibition is in progress, 

United Kingdom firms wishing to 
participate should apply to the Execu- 
tive Secretary of the Instrument 
Society of America, 1117 Wolfendale 
Street, Pittsburgh, 12, Pa, 


Inquiries about this exhibition should 
be addressed to the Department’s Ex- 
hibitions and Fairs Division, Horse- 
ferry House, Thorney Street, London, 
S.W.1. (Telephone: Victoria 6800 Ext. 


258). 


Data Recorder (See below) 


NEW addition to the standard line 

of data recorder mechanisms pro- 
duced by Cook Laboratories has been 
announced. This unit is designated Type 
MR-4 and is designed for use with suit- 
able coupling equipment and sensing 
instruments as a complete recording 
system. It is fully capable of with- 
_— high shock accelerations up to 
75 G. 


The Type MR-4 recording mechanism 
is a miniature 13-channel unit weighing 
24 ounces. It includes one reference 
frequency oscillator plus 12 informa- 
tion channels and has a recording time 
of 2} minutes. Its small size of 
8 x 88 x 2h in. and light weight make 
it suitable for applications requiring 
the measurement of such factors as 
accelerations, stresses, temperatures, 
pressures, vibrations, etc., in airborne 
equipment, flight testing and guided 
missile work. 

This new unit, Cook 


like other 


recorders, uses magnetic tape to store 
variable or transient data under con- 
ditions of severe shock acceleration for 
later analysis, 


Cook Research Laboratories, 
1457 Diversey Parkway, 
Chicago 14, Illinois. 
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CORRESPONDENCE 


R-C Oscillators 


Dear Sir,—In Mr. F. Butler’s 
article ‘* Variable Frequency R-C 
Oscillators,’’ ' there are inaccuracies 
in the table giving attenuation ratio 
and operating frequency for various 
stages of the R-C uniform ladder, 
which is used as the feedback net- 
work. From a cursory inspection of 
the literature on the subject, it 
appears that no one has yet pub- 
lished a carefully checked list of 
attenuation and frequency coeffi- 
cients for the R-C and C-R uniform 
ladder networks of n steps (Fig. 1). 
In fact, there seems to have been 
errors in several of the early 
articles. As examples, (a) Ginzton 
and Hollingsworth’ give a wrong 
expression for the attenuation of a 
non-uniform 4-step C-R ladder, and 
a wrong attenuation coefficient for a 
8-step uniform R-C ladder; (b) 
Whitehead,’ for a 3-step uniform 
R-C ladder gives a quite erroneous 
table of attenuation and frequency 
coefficients, (these having been 
deduced by neglecting the shunting 
effects of subsequent steps on any 
one section, thus he gives an 
attenuation factor of 8, which 
should be 29): and finally (c) Bacon,' 
who makes the same simplification 
as Whitehead, 

Table 1 herewith has therefore 
been produced to meet this need; 
the number of steps is probably 
beyond the range of _ practical 
interest, although it may serve to 
show the surprising result that less 
amplification is required, the larger 
the number of steps used. 

Comparing this Table 1 with the 
table given by Butler, it will be 
seen that for the R-C uniform 
ladder, the two attenuation co- 
efficients he gives for 5- and 6-steps, 
namely 16.15 and 13.72, should be 


15.438 and 14.12 respectively. A 
more serious error occurs in the fre- 
quency coeflicients which he gives; 
they are all about twice the correct 
values. Consequently the range of 
250-5,000 c/s., which he states for 
the 4-step R-C oscillator of his Fig. 
3, should I think, be 125-2,500 c/s. 

Regarding the more detailed 25- 
17,000 c/s. R-C oscillator given in 
his Fig. 4 and the table referring to 
the frequency range on each of its six 
positions, from the description and 
figure it is difficult to decide if the 
feedback R-C ladder has 3, 4 or 5 
steps. Assuming the oscillator to have 
a 4-step R-C ladder, the variable capa- 
citor to change between the values 
100-500 pF, and neglecting the phase 
shift occasioned by the 0.1 #F couv- 
ling capacitor and the 1-M® shunt, 
then Table 2 herewith gives the 
theoretical frequency ranges whic) 
would be obtained. It can be seer 
that these are, very roughly, about 
twice those given by Butler. This 
difference could not be occasioned 
by the coupling, the effect of which 
would be negligible at the top of the 
range, and at the bottom would 
cause the frequencies stated to be 
about 25 per cent too low. It would 
he very informative to know if the 
figures given by Mr. Butler are 
experimental or theoretical, and if 
experimental, how he would account 
for such large differences, 
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R-C and C-R Uniform-Ladder Networks of 
n Steps 
| Attenuation Frequency Co- 
| Coefficient | efficient 8 
Steps | for both R-C | - s 
n_ |and C-R tadders R-C C-R 
3 —29 0.399 0.0650 
4 —18.39 0.1905 0.1352 
5 —15.43 0.1178 0.2155 
6 —14.12 0.0812 0.3135 
7 —13.4) 0.0593 0.427 
8 —12.97 0.0457 0.556 
9 —12.66 0.0363 0.702 
10 —12.58 0.0296 0.858 
o | —11.57 wo 
Table 2 
hange Frequency c/s 
! 34.5— 54.5 
2 477— 95.5 
3 | 76.2— 381 
4 381 — 1905 
5 1905 — 9520 
6 762) —38100 











JOHN E. Parton, 
Electrical Engineering Dept., 
Glasgow University. 


Sir, — The contribution 
‘Variable Frequency R-C 
Oscillators ’’ by F. Butler in the 
April issue, 1949, of ELECTRONIC 
ENGINEERING contains on page 140 
a table giving the attenuation of 
an operating frequency by different 
R-C ladder networks according to 
Kig. 2. The cperating frequenctes 
given in the table, do not agree with 
my calculations nor with the data 
published by Ginston and Hollings- 
worth in the February issue, 1941, 
of the Proc. I.R.E. The data for f, 
given by Butler, are about twice 
too high. Accordingly the fre- 
quency ranges given for the oscil- 
lators shown in Fig. 3 and Fig. 4 do 
not seem to be correct. 


In order to give Mr. Butler cppor- 
tunity to check my calculations and 
eventually to point out the fault in 
my: calculation, I give you an 
extract of the way I tackled the 
problem. 


In the figure below, I pictured a 
general ladder- network of series- 
impedances Z: and_ shunt-impe- 
dances Z:. Applying Kirchoff’s laws 
we can write down the following 
equations : 

(Zi + Z:) -— bZe = Ei 

ne bZe + i2(Zi + 2Z) — tbZe = 

— bZe+is(Zi+2Z2) — Ze = 0 

- in-2Zie + in-1( Zi + 2Ze) — inZe = 0 

— ahe t+ in(Zi+2Z2) = 

ln = Eo | Ze. 
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From these equations we can find 
the relation E:i/E. by eliminating 
hh, i... ta, in This I have done 
in the following way. Putting Z:/Z: 
= a we can rewrite the equations as 
follows : 

nb (1 +a)—2X = Ei /Z: 

i+aen(2+a)—-in=0 
—t + ts (2 + a) —-u=0 


+ to 1 (2+a) a a = () 


= tn-2 


dn-1 + an (2 + a) = 0 
in = — 
Z: 
From these we find: 
in = = ’ tn i= tn (2 by a), 
: in-2 = tn (2 4 a) = tn 
tn-3 = dn (2 _ a)’ — Qin (2 a a), 
— tat = tn(2 + a) —Bin(2 +a) + in 
in-s = n(2+ a)’ —4in(2+ a)’ + 
3in(2+ a), ete., etc. 
For n = 8 we find therefore: 
E. o 
oS Tee se 1 ae § 
1 7! (2+a) 
i = (2+a)/ — - — 
wii z 
and finally : 
a (1+a) (2+a)’—(1+a)—(2+a) 
har * 
giving : Z: 
i ° 
hile (1 + a) (2 + a)’ — (3 + 2a) 
In the case under consideration 
1 Zi 
bn = hj fe 2— >; = = je = 
jec : Z: J RC ie 


yielding : 
i 


Eo 

For a phase difference of 180° be- 
tween E. and E:, the imaginary part 
must equal zero. This gives 6 —a 
= 0; « =6. The real part of the 
expression for Ei/E. then works 
out to E:/E. = 1 — 30 = —29, 
showing that the phase difference 
is really 180° and the attenuation 
ratio is 29. The operating frequency 
works out to 


= 1—5a° + j(60—a') 





EE ER, 
27RC e27RC }#82CR 


For n = 4 and working along the 
same lines, I find: 
i 


E. 
giving 
i 


F Wie 1 — 150° + a + j(10a — 7a) 


This yields for 180° phase difference 
toe E: and E.: @ = 10/7, 
i a 


a. * —18.4, f = 


= 1+ 10a + 15a’ + 7a° + a’, 


27RC 
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_ ¥(i0/7) _ 0.191 
27RC CR 
n = 5 gives: 
ere 
-_* 5.83; f = “Gp 
and n = 6 gives: 
Ei = —]4 09; f ts 0.081 
| ae 


If my calculations are correct, it 
seems to me in the interest of the 
readers of ELECTRONIC ENGINEERING 
to have the data published by Mr. 
Butler corrected. If there might be 
a hidden fault in my reasoning, I 
should be glad to be corrected by 
Mr. Butler. 

J. Roorpa. 

Hofwyckstraat 57, Voorburg, 

Holland. 


Sealed Transformers 


Dear Sir,—In reference to the 
article ‘‘Hermetically Sealed Trans- 


formers”? in the June issue we 
submit the following elementarv 
comments on the _ principles of 


manufacture. 
The testing o {containers for leaks 
Under-water tests with some 20/ 
30 .lb. of internal pressure is of 
little value, however frequently 
repeated, for revealing the ex- 
tremely small holes through which 
oil may escape. The surface ten- 
sion of water is too great for this 
purpose and sets a limit on the size 
of the hole it is possible to detect. 
Still more important, a hole will 
most certainly be obstructed by the 
resin flux used when soldering. 
There is also the dangerous pos- 
sibility that the cold water may be 
at a lower temperature than the 
transformer as it arrives from the 
preceding hot soldering process and 
water may be sucked through by 
air contraction before the pressure 
is applied. Again the very presence 
of water at any stage during manu- 
facture is in complete disregard to 
the condition so strictly enforced in 
transformer or capacitor production 
of absolute dryness of surroundings. 
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The pressure process of testing con- 
tainers for leaks is normally made 
under oil of low surface tension 
raised to a sufficient temperature to 
soften adequately any obstructing 
resin deposit. Ultra-viclet light 
tests are often defeated by the 
presence of trichlorethylene used for 
degreasing. 
Steel or tin plate containers v. copper or brass 

Both iron and tin plate offer rust- 
able edges. All iron pieces need to 
be resin dipped soon after shaping 
and in consequence become incon- 
venient to handle and difficult to 
fit tightly together. The meagre 
degree of magnetic screening that 
thin iron may provide is a doubiful 
merit. Iron is less costly than cop- 
per, but the latter metal is always 
clean and unrustable and will rot 
corrode under paint when in use. 
The consideration that iron is less 
heavy is insignificant, a  typica! 
transformer consisting of a 1$ in. 
stack of No. 4 stampings being only 
2 per cent heavier with copper con- 
tainer.. 
Terminal sealing by R.F. heating 

This often suggested process is 
not favoured. The small metallised 
ring around many a bush may suffer 
immediate destruction, resting as it 
does on an insulating surface of 
resin flux and the metal termi- 
nal heads all become overheated. 
Nothing is easier, if electrical heat- 
ing is intended, than the passing of 
a current, regulated by foot switch 
control, across the terminal carry- 
ing section of the box, from copper 
or carbon faced clamps, particularly 
as the current density increases 
around the holes. Ceramic bushes 
so fixed can be smashed off on the 
face of an anvil, but the silver to 
copper seal, carrying a coating of 
sharp ceramic particles, will always 
remain. 
Metz! flanged glass bush 

These are far more easily 
damaged by heat, transit and use 
than those of hard ceramic. The 








Series- and  shunt- 
impedance network 


(See letter from J. Roorda) 
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CORRESPONDENCE (continued) 


centre conductor is usually sharp 
ended and inadequate, while the 
seals themselves take up too much 
space. 

Filling Materials 

Reference is made to the difficulty 
of injecting petroleum jelly or other 
media into the container. The com- 
monly used methods of vacuum im- 
pregnation by which all canned 
devices are filled presents no prob- 
lem. In any event the filling fluid 
is best kept adequately heated and 
under vacuum to ensure dryness, 
and any air subsequently admitted 
must be drawn through a drying 
source. The adoption of such 
special insulating fillings as have 
been recently introduced in respect 
of small high voltage capacitors 
offers enormous advantages. 

The first transformers built to this 
general principle of total sealing in 
lapped seam copper containers and 
fitted with soldered-in insulating 
terminal bushings were developed 
by ourselves. The system was later 
taken up by a number of contem- 
porary producers to meet the war 
demands of the services. We have 
made no substantial change from 
the original productions using hori- 
zontal core stack so as to afford 
flexibility of can size with the fixing 
centres standardised on lamination 
corner holes, features that are 
appreciated by your contributor. 

Small canned transformers are 
undoubtedly useful in certain appli- 
cations, but respect may be paid in 
design to the lack of ventilation. 
Specific heat and the latent heat 
of melting of the filling give some 
measure of cooling in intermittent 
use. The canned unit is no more 
costly to produce than the overall 
dipped open type, where the general 
construction can be seen and judged. 
The open type is to be preferred for 
many purposes and insulation weak- 
nesses so often criticised usually 
arise from inferior terminal plate 
design. 


Hueu F. Haynes 
Haynes Radio, Ltd. 


Mr. Jones replies: 


I appreciate that there are several 
methods of manufacturing hermeti- 
cally sealed transformers, and the 
method each individual manufac- 
turer chooses is no doubt to some 
extent dictated by the equipment 
available. The points raised by Mr. 
Haynes seem to suggest only a 


dijjerent method of arriving at a 
similar result. I wish to emphasise 
that the ultimate test of sealing is 
the final heat run of four hours at 
+110° C, mentioned in my article, 
the wmmersion of the container in a 
fluid after inflation being only a 
preliminary eliminating test. 

I make no claims that mounting 
the laminations horizontally is 
unique, as this construction seems 
only logical if some measure of stan- 
dardisation is to be achieved within 
the industry. I cannot agree, how- 
ever, that with the present materials 
available the hermetically sealed 
transformer need be more costly 
than its open counterpart. The total 
cost of material per transformer is 
considerably greater, and more time 
is involved in the prolonged addi- 
tional tests necessary to check the 
efficacy of the sealing, as unless 
this is complete the transformer 
may well be inferior to the open 
type. 
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Combined Current and Voltage 
Feedback 

Dear Sir,—The amplifier des- 
cribed in Dr. Sturley’s article in 
your May issue is a simple case of 
a multiple-path feedback amplifier. 
It is true that the local feedback 
occurring in the input stage of an 
amplifier can usually be neglected, 
but considerable use can be made 
of such feedback mainly to improve 
the stability margin of the ampli- 
fier. An example where the local 
feedback has been deliberately 
employed can be found in an article 
‘A Miniature Audio - frequency 
Amplifier ’’ in the Post Office Elec- 
trical Engineer’s Journal 41 p. 228, 
January °49. 

The use of multiple-feedback 
paths in amplifiers is described in a 
paper. entitled ‘‘ Some Consideration 
in the Design of Negative Feedback 
Amplifiers,’ early copies of which 
are available from the Institution of 
Electrical Engineers. 

W. T. Duerportn, 
B.Sc., A.M.I.E.E. 











Microwave Radio Link for Television Outside Broadcasts 


B.B.C. engineers are investigating the possibilities of microwave radio 
links for transmitting television pictures from outside broadcast points 


to Alexandra 
Palace. 

The transmit- 
ting equipment 
being used in 
these tests con- 
sists of a_kly- 
stron oscillator 
operating on a 
wavelength of 
4.5 cm., which is 
frequency modu- 
lated by the 
vision signals, 
and a 4-ft. dia- 
meter  para- 
boloid — reflector 
with waveguide 
feed. The trans- 
mitter power is 
about 100 mW 
and the aerial 
gain is 5,000. A 
similar aerial 
system is used 
at the receiving 
end. The trans- 
mitter and the 
receiver are built 
into the back of 
the paraboloid 
reflectors, and 
the rest is con- 
structed in “‘suit- 
case’”’ form. 
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back You will be in no doubt of the basic 
ian. Oe excellence of your design. It is the 
>in | result of many hours of detailed 
eof | planning and experimental work, 
fier. and you will have left nothing to 
ack chance. The operation of the equip- 
f an ment when it leaves your hands will 
~ be faultless. But—will it continue 
cao to be so? 

apli- Shortening of useful life due to 
et ; mechanical or electrical wear of 
nee, / contacts, fluctuations in circuit 
city Se characteristics through surface tar- 
Hon. nishing—these are ever-present possi- 
228, bilities when the contacts you have 


fitted are not suited to their work. 





pack 


i. a RELAY CONTACTS & SPRINGS 


back i Specialised products of 
hich 


" If you have experienced such problems, or 
m of others more subtle, remember that we 
43 nson maintain at your command a range of 

‘H, i 


contact materials we know to be without 























K.E. : = equal and an advisory service always ready 
: V E af ey to assist you impartially in obtaining the 
i See maximum working life from your equipment 
adic JOHNSON, MATTHEY .& CO... LEMIT ED, HATTON GARDEN, LONDON, €:C.1 
“. ts Controlling Mallory Metallurgical Products Ltd. 
ints | 
ndra 
. a 
nae Continuously in Service, 
in 
con- e 
kly- Day and Night 
lator 
nia 
of Noon over Nanking. Dawn over the Atlantic. Blackness 
= over the Andes. In all parts of the world, at all times 
the of the day and night, Marconi built stations are in 
_ operation, broadcasting or sending telegraph messages 
para- and giving unrivalled service. Wherever ships and aircraft 
ord are plying, you will find Marconi apparatus guiding 
rans- them, every hour of the day, every day of the week. 
TW Pioneers in Wireless Communication fifty years ago, 
erial Marconi’s still maintain their leadership. Behind every 
> 2 new development there will be Marconi’s accumulated 
used experience. Behind every new piece of Marconi equip- 
win F 8 ment there will be the honoured name as an assurance 
the i 2 of maximum efficiency. ane 
built @)) 
ck of @ 
|| Marconi 
and 
pene THE GREATEST NAME IN WIRELESS 
‘suit- MARCONI’S WIRELESS TELEGRAPH COMPANY LTD., MARCONI HOUSE, CHELMSFORD, ESSEX 
L 
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ONE OF THE BA IN INSTRUMENTS 
ELECTROMETER = VOLTMETER 


A sensitive A first-grade D.C. 
ELECTROMETER VOLTMETER 
The input resistance is 

Ranges: 


10'6 ohms and the 
capacitance less than 
| pF 

MEASURES 

Electrostatic potentials 
Very small currents 
Very high resistances 


0 — 50 — 100 — 500 V 


WIDE APPLICATIONS 
in electronic engineer- 
ing, including ioniza- 
tion measurements 





USES AN ELECTROMETER-VALVE 
in the Farmer Cathode-follower circuit 


BALDWIN INSTRUMENT CO. LITD., DARTFORD, KENT 


Telephone : DARTFORD 2989 























ee 7 ald e R A Cc K COMPLETE CATHODE - RAY 
OSCILLOGRAPH EQUIPMENTS 
@ Single and Multi-channel 
@ F.M. Amplifiers 
@ A.C. and D.C. 
Amplifiers 
@ Time-Bases 


@ Time-Markers 
@ Recording Cameras 





@ Pressure and 
Vibration pick-ups 


We make a wide range of 
standard equipments to suit all 
purposes. 


PLEASE WRITE FOR DETAILS 


Special equipments made to 
meet users’ requirements 


SOUTHERN 
INSTRUMENTS 
LIMITED 
FERNHILL, HAWLEY 


CAMBERLEY, SURREY 
Phone: Camberley 1741 
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“COLVERN” scx accuracy 


PRECISION POTENTIOMETERS 


For Electronic Computing, Radar,- Com- 
munications and Laboratory apparatus.— 
Incorporating the unique COLVERN CAM- 
CORRECTION DEVICE—the finest and 
most accurate potentiometers in the world. 


A guaranteed law accuracy of better than 
-+ 0.19, is maintained in all standard COLVERN 
CAM-CORRECTED POTENTIOMETERS, 
whilst in the type CLR. 9101 illustrated the law 
tolerance can be held as low as 0.04°,, and even 
lower dependent on resistance value. 


There is a ‘‘ COLVERN’’ Potentiometer to suit every 
circuit an Electronic Engineer is likely to devise.-—Write 
for illustrated brochures to :— 


COLVERN LIMITED 


MAWNEYS ROAD 
ROMFORD : ESSEX 


Telephone : ROMFORD 2020, 4880, 4881 





TYPE CLR. 9101 


BRIEF 
SPECIFICATION :— 
Rating ‘ tea We 10 watts 
Resistance values ee ay 10002 to 150,000 0 
Law accuracy Ak + 0.04% 
Working voltage (between spindle 
and track) ig 1000 V D.C. 
Effective angle of resistance. rg 315° plus 0.25°—0 
Angle of spindle rotation 360° 
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INDUSTRY 
is catching up with 


SCIENCE 


INEVITABLY, Science is always a step ahead of 
industry, but it is Mullard’s endeavour to 
close this gap. Mullard are in the unique 
position of being both electronic experts and 
industrial consultants —they are, in fact, 
industrial scientists. Thus, they are able to 
utilise scientific discoveries in the design of 
better equipment for practically every sphere 
of industrial activity. 


MULLARD EQUIPMENT FOR RESEARCH 
AND INDUSTRY INCLUDES THE FOLLOWING :— 








Instruments for the | Electrochemical 
Electrical Laboratory Equipment 
Cathode Ray Oscillographs Potentiometric Titration 
Apparatus 


Beat Frequency Oscillators 
Karl Fischer Equipment 


Electronic Polarimeters 
Conductivity Bridges 
Conductivity Controllers 
| Ultrasonic Generators 


Measuring Bridges 
Valve Volt Ohmeters 
V.H.F. Valve Voltmeters 
High Voltage Power Supply 

F.M. Signal Generators 


Ultrasonic Consistency 


Meters 


Industrial 
Equipment 
Valve Relay Units 
Frequency Meters 
Viscometers 


Vibration Equipment 





MULLARD 
OSCILLOGRAPH 
Type E.800/! 
Information and advice on 


this and any other equip- 
ment may be obtained from 


Mullard 


ELECTRONIC PRODUCTS LTD., 


Electronic Equipment Division 


ABOYNE WORKS, ABOYNE ROAD, LONDON, S.W.I7 
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Delaron might have been made for machinists 
—it’s such a tractable material. Mechanically 
it is strong, tough and remarkably durable. 
It can replace rawhide in gears and, on the other 
hand can be formed into quite small clock 
pinions provided a suitable grade is chosen. It 
also readily lends itself to fabrication saving 
patterns and foundry work. On the electrical 
side it has very desirable di-electric character- 
istics—for terminal strips, coil formers, bobbins, 
panels and even instrument cases. Made by 
treating paper and Fabric to processes of 
immersion in synthetic resin and plasticising the 
built up sheets under heat and pressure. Paper 
grades from 0.2 mm. thickness. Fabric grades 
from 0.28 mm. Please write for full details. 


DELARON 


laminated plastic 


THOMAS DE LA RUE & CO. LTD.—PLASTICS DIVISION 
Imperial |House, 84/86 Regent Street, W.1. Tel.: REGent 2901 





IND/1/49 
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Of Interest” 
TO ALL ELECTRICAL AND 
WIRELESS ENGINEERS 








THIS BOOK dealing with the magnetic 
properties of the nickel-iron alloys 
will be sent free on request. 

It contains information on: 


1. NON-MAGNETIC AND WEAKLY-MAGNETIC ALLOYS 


Non- magnetic ferrous engineering materials — 
Temperature compensation alloys. 





2. HIGH PERMEABILITY NICKEL-IRON ALLOYS 

General and historical—Early uses : cable loading 
— Further development: transformers, screens, 
dust-cores, etc., radar, specialized alloys. 





3. MAGNETOSTRICTION 
General— Echo sounding — Frequency control. 





4. PERMANENT MAGNETS 


Development: Alni, Alnico, Alcomax—Properties 
—Sintered magnets—Applications—Ductile alloys. 





Application should be made to: 





--7| THE MOND NICKEL 
[ COMPANY LIMITED 








Sunderland House, Curzon Street, 
London, W.1 12/QA/3 
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FREQUENCY 





MEASURING 











EQUIPMENT 





Type TME | 


Years ago, the frequency 
measuring equipments 
made by Marconi’s were for 
their own use — because nowhere else could sufficiently 
accurate instruments be obtained. The present equipment 
therefore, Type TME 1, boasts a long and distinguished 
pedigree and, like its predecessors, is precision-built to an 
exacting specification. Anywhere in the world it can be 
rapidly installed and its rated stability of 1 part in 10° 
maintained indefinitely. In price too, it commends itself 
as the ideal laboratory standard. Please ask for further 
details. Type TME1 Frequency Measuring Equipment is 
available for early delivery. 





Marconi Instruments Ltd 
ST. ALBANS, HERTS. Telephone: St. Albans 6161/5 


Northern Office: 30 Albion Street, Hull. Western Office: 10 Portview 
Road, Avonmouth. Southern Office & Showrooms: 109 Eaton Square, 
London, S.W.|. Midland Office: 19 The Parade, Leamington Spa. 
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FROM BBC STUDIOS TO 


L S 
The same skill and quality that is demanded for B.B.C. 
FADERS goes into the construction of all Painton 
products. 
Wherever trouble-free, noiseless variation of level is 


required, either by fading or attenuation to pre- 
determined settings, you can, with confidence, rely upon 


7 byPAINTON 


tas, 
eee 
eee a 


PAINTON ECO LTO *KINGSTHORPE NORTHAMPTON 


THE OSCILLOSCOPE FOR EVERY INDUSTRIAL PURPOSE. 


10 Me/S. 





20 Secs: 4m Secs: 


Oscilloscope s« 


VERY Oscilloscope requirement for 

Industrial Research or Production 
can be satisfied by the comprehensive 
range of UNIT Amplifiers and Time 
Bases. All instruments are immediately 
interchangeable without loose wires or 
the use of tools and many can be used 
independently of the Oscilloscope. Full 
details will be sent by return of post. 











Also available : — 
D.C. Amplifiers, medium and high gain. Extra low / d. ° | h 
frequency time base. Circular or spiral heptode time aM 1ate i AY 
base. Voltage calibrator. 
LABORATORIES 


LYDIATE ASH - NEAR BROMSGROVE - WORCS. 
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Electrical Standards for 


Research and_ Industry 


Testing and Measuring Apparatus 
FOR COMMUNICATION ENGINEERING 


VARIABLE AIR CONDENSER 


STANDARDS 
OF HIGH PERFORMANCE 


TEMPERATURE COEFFICIENT : 5 « 10-* per deg. C. 
LINEARITY OF LAW : Sufficiently good to ensure a 
SCALE SETTING of | part in 30,000. 
POWER FACTOR : (10° to 10° c's) 
<0°00C0! at all settings. 
(not seriously impaired at 5 Mc/s) 
RESIDUAL INDUCTANCE : 0:03jH. 


The standard illustrated is fitted with a direct reading 

scale in addition to the finely divided degree scale and 

mognifier. The dividing of the latter is much too fine 
for reproduction in the illustration. 


H. W. SULLIVAN 
LIMITED 
LONDON, S.E.15 


Telephone : New Cross 3225 (P.B.X.) 











VOLTMETER 


Sets a new standard of performance WIDE RANGE — 1 mV. 
° ° to 300 V. 
for voltage measurements in the audio, WIDE FREQUENCY 
. ° COVERAGE 10c/s to 
supersonic and radio frequency ranges 1.5 Mc/s. 
DIRECT READING dB 
SCALE. 
NO ZERO SETTING. 





INSTRUMENTS LTD ) 130 UXBRIDGE ROAD, HANWELL, LONDON, W.7. EALING 6215 
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AN ANNOUNCEMENT 
OF EXCEPTIONAL 
INTEREST.... 


The FOX HELICAL POTENTIOMETER 
type PXF 5/H 10 is now avail- 
able for general release to the 
Electronic Industry 


BRIEF 
SPECIFICATION 


Resistance range, 20 ohms to 50 K. ohms. 
Helical turns 10. 

Rotation, 3,600°. 

Number of wire turns, 2,000 to 12,000. 
Wattage, 5. 





Write for full details to :— 


P. X. FOX wLiowirep 


TOROIDAL POTENTIOMETER SPECIALISTS 
HORSFORTH, YORKSHIRE, ENGLAND. 


Horsforth 2831/2. - Telegrams: ‘‘ Toroidal, Leeds.’’ 





Telephone : 
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177, EDGWARE ROAD, 
4 PADDINGTON, W.2. 4 
. NOW IS THE TIME TO BUILD ‘ 
LT THE E.E. TELEVISION RECEIVER [L J D 
Each 
‘'¢..4. és. d, 
VARLEY MAINS Transformer 410 0 All specified Resistors for Time Base, etc. 17 10 
Varley EHT 4 KV Transformer » 76 All specified Resistors for Power Pack and Sound Output 17 5 
Scanco 4 KV EHT Transformer 28 0 All specified Capacitors for Sound Receiver 118 3 
Scanco Scanning coils '85 6 All specified Capacitors for Vision Receiver 210 0 
Scanco Focus coils 110 0 All specified Capacitors for Time Base 218 7 
Scanco Line Output Transformer 15 6 All specified Capacitors for Power Pack ms 210 8 
Vortexion Mains Transformer 219 6 Colvern W.W. Pot. 10K : each 5 6 
Vortexion 4 KV EHT Transformer 210 0 2. ve » OOK each SF. 
| Walpole Norman Line Output Transformer 116 0 2K each 5 6 5 
Walpole Norman Focus coil 116 0 Valves (10) ex WD EF50 (tested) each 5 0 
Haynes Focus coil 116 0 » (2) ex WD EASO each 5 0 
Haynes R.F. ae: Unit totally screened EHT as » (1) EBC33 Mullard each +e 
required—S-8 K : 5 8 0 » (2) T4l Mazda each 12 10 
Complete set of coils with heater chokes, etc. i5 0 »  (L) Pen 46 Mazda each 18 3 
Non Magnetic bracket for focus coil, etc. (made from » (1) Pen 45 Mazda each 12 10 
duralumin) as, oie : ‘ns ea Sen 13 6 » (1) HVR2A Mullard each 144 
» (1) UU8 Mazda = 18 3 
CATHODE RAY TUBES (1) EL33 Mullard 12 10 
15 in. EMI type 3/6ASZ oa 18 18 0 Complete chassis assembly with all large ‘holes wae 
Scanning coil for above 33 8 punched ‘ 2 176 
Focus coil for above .. a 116 0 Complete chassis assembly “with all valve holders and 
Line output transformer for above 113 6 sockets fitted 4 136 
C.R. Tube socket bes = 6 6 Send for complete price list of om components 
12 in. Mazda CRMI21 ms ss Also (1949) Catalogue 9d. post free. 
12 in. tt w =—e § 2 5 When ordering please include sufficient for a and eaten 
9 in. G.E.C. 6 ; 116 9 Shop Hours : Monday-Saturday, 9 a.m. to p.m 
9 in. Mazda CRM92 in wm ® Thursday, 9 a.m. to | p.m. 
All specified Resistors for Sound receiver, including ve 14 6 *Phone : a 5393 
All specified Resistors for Vision receiver including D 6116 
Contrast Con. ie das i 2 PAD 5606 
sient mora ot ROSEN A OS CSTE CSN, PBN cimetidine 





—— ee 
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FOR FREQUENCY SUB-STANDARDS 


Type JCF/200, 100 KC/S 


|. \ weannauhnne Available from stock adjusted to + 001%. Higher 
ag BRITISH PATENT accuracies supplied to special order. 
\ way No. 576290 
. FEATURES 
RY 5 TAL i \ Low temperature co-efficient —less than 2 in 10° 


per °C. 
Patented nodal suspension. 


Mounted in vacuum; performance independent of 
climatic conditions. 


Exceptionally high Q value. 
High stability. 





Small size, 3” x #" overall excluding pins. 


The type JCF/200 unit illustrated above is representative of the wide range of vacuum Fits standard miniature deaf aid valve socket. 








| type unit available for low and medium frequencies. Price £ 2- 15- re) 
4 SALFORD ELECTRICAL INSTRUMENTS LTD. 
PEEL WORKS. SALFORD 3, LANCS. Telephone BLAckfriars 6688 (6 lines) Telegrams and Cables SPARKLESS Manchester 
oss” 
MB 28=S—S=téiProprriietors: THE GENERAL ELECTRIC Co, Ltd., of England 
n.d.h. 


Maximum sensitivity with uni- 
form frequency response from a 
more compact speaker, appreci- 
ably reduced in weight—that is 
what Rola technicians have 
achieved with the new G.12. 
Special features include dust- 
proof suspension completely 
protecting coil and magnet gap 
and the powerful Alcomax 11 
magnet. Write for details and 
also for particulars of Rola 
3” and 4” P.M. models, dust- 
proofed and equipped with 
Alcomax || magnets. 



































hest 
of the 
BIG 


BRITISH ROLA LTD., FERRY WORKS, SUMMER RD., THAMES DITTON, SURREY ) Dp e a e r a 
Telephone: EMBerbrook 3402 (5 lines) 
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TELCON’S LATEST MAGNETIC 
DEVELOPMENT 








B (KILOGAUSS) 




















“ H.C.R.” 
ALLOY TYPICAL 59 
D.C. HYSTERESIS | 
LOOP 
10] 
5 4 
sy H 
3 ‘pie i 3 
. (OERSTEDS) 
Saturation 15,600 Gauss 
Remanence 14,800 Gauss 
Coercivity about 0.2. Oersteds 
} | 10 
B (KILOGAUSS) 


The magnetic properties of this alloy 
make it suitable for mechanical 
rectifiers, magnetic amplifiers and 
special forms of reactors. 


Founded ¢ 





Full technical details on request from - 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD. 
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100 Kc/s - 100 Mc/s 


HF OSCILLATOR UNIT - HO7- 100 


COMPLETE — FOR IMMEDIATE INCORPORATION 
IN A SHGNAL. GENERATOR — CIRCUIT COMPLETE 
INSTRUMENT SUPPLIED 

WITH UNIT 


59/6 LESS 6J5 VALVE 


LARGE DIRECTLY CALIBRATED 
SCALE - 9” x 5”. TOTAL LENGTH - 
50” - ACCURACY - 1% AND ALL 
OTHER PARTS AVAILABLE. 








R. E.D. Co.. MORETONHAMPSTEAD, DEVON 














TOPS 
TELEVISION, 


Aerialite 

Television Aerials are 

being installed as fast as they can 

be produced. Of good technical de- 
sign, robust construction, and easy to 
get, every Aerialite aerial will give 
clear, sharp, steady pictures, 

with never a ‘‘ ghost.’”” Send 

for illustrated booklet giving 


ALT: [ne 


\ 
\\ My 
TELEVIS Tou f 4 


Made by: AERIALITE LTD. STALYBRIDGE, CHESHIRE 





TIOUS ENGINEERS} 








* ENGINEERING 





We arantee 
i a A ng > Rag FEE’’ 
you are earning 
‘ ~ ties. 
fo ns ha TS 
to well paid posts Ni i igati 
BRITISH INSTITUTE OF 
ENGINEERING TECHNOLOGY 
337a, Shakespeare House, 17 18 Stratford Place, 
London, W.|!. 
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22 RANGES 
VOLTS 
D.C., A.C., RF. ELECTRONIC TESTMETER 
CURRENT A versatile valve voltmeter for labora- 
From few micro- i : 
amps to tory or test bench. Being battery 
1.5 Amps. D.C. operated, it is instantly ready for use. 
RESISTANCES 


Probe for V.H.F. measurements. 
; Up to 100 MQ 








ELECTRONIC INSTRUMENTS LTD 


17 PARADISE ROAD + RICHMOND - SURREY 














— 


The Greatest Advance yet ! 
100 Ke/s to 100 Me/s 


| ON FUNDAMENTALS 








yy 100, Kc/s.—100 Mc/s. 
in 6 bands. ~~ 
vs) aed Guaranteed within 
+ . 

Output: Approx. volt 
unattenuated and variable from 
1 uV to 100 mV into a 75 ohm 
load through a matched trans- 
mission line. 

Stray Field: Less than 3u,V at 
100 Mc/s. 


illuminated Dial: Total scale 
length, 30 in. 

Power Supply: 110 — 210 — 
230 — 250 volts. 40-100 c/s. 
Dimension: 9} in. high x 
13 in. wide x 8 in, deep. j 
Weight: 15 /b. 


“Bectrnic Engineering 


The new Advance Signal Generator, 
Type E.2, has all the advantages of 
the popular Model | plus a greatly 
extended range to cover the Bir- 
mingham Television frequencies. 
The wider range, 100 Ke/s. to 
100 Mc/s., gives greater scope for 
advanced experimental work than 
ever before. 


end for fully descriptive leaflet. 


ADVANCE COMPONENTS LTD., 
Back Road, Shernhall 


Street, 


In common with the earlier model, 
the new generator offers an instru- 
ment of laboratory standard at a 
price within the reach of moderate 
purses. The remarkable high 


frequency accuracy of +1% extends 
over the whole range. 


Advance oa. 


SIGNAL 


Walthamstow, 


GENERATOR 


London, E.17 





Tel. : LARkswood 4366/7/8 
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D.C. Oscilloscope 
1684D/2 


AN EXAMPLE from the Furzehill range of fine 
instruments is this high-grade oscilloscope for industrial 
radio and television applications. Both axes have 
identical d.c. coupled high sensitivity amplifiers with 
symmetrical inputs and a level frequency characteristic from 
Zero to 3 Mc/s. Particularly valuable features are the 
instantaneous action of the shift controls, expansion of the 
time-base scan from 4 to 5 screen diameters, negligible 
phase shift in the amplifiers and automatic amplitude- 
limited synchronisation. 


For full details of this, and other instruments in the Furzehill 
range, write for our new illustrated catalogue. 





FURZEHILL LABORATORIES 
BORTEHAM WOOD, HERTS. 


tCFD., 
ELStree 1137 
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19° PANEL RACKS: Four Poster Construction, 12” deep. 


314” panel space {2 10 0 
5’ 3” panel space .. es oe at se £3 10 0 
Drilled and tapped O.B.A. Finished in black. 
CHASSIS : 

s. d. s. d, 
17” x6" x2}” 18G. Steel 16G. Aluminium 8 o 
17” x8" x2}" ~ 8 0 os 9 3 
17” x 10” x 24” * 9 6 - 10 6 
17” X12” x 24 i II 0 3 12 0 


TELEVISION CHASSIS: In tinned steel to order. 

ANGLE BRACKETS: Steel from 2s. 6d. pair. Aluminium from 
2s. od. pair. 

19” RACK PANELS: Sizes from 1}”—12}” 14G. Steel, 2s. 9d. to 
8s. gd. Sizes from 13” x12}” 16G. Aluminium, 3s. to gs. 9d. 
With turned long edges to give additional strength. 

STANDARD FINISHES: Steel in Black and Grey Stoved 
Enamel. Aluminium self-coloured. Black and coloured Wrinkle 
Enamels to order. 

SMALL INSTRUMENT CASES: 18 Gauge Mild Steel Box with 
16 Gauge Aluminium Front Panel secured by four screws. Finished 
in Black Wrinkle Enamel. 6” x4" x4"’—8s. 6d. 8” x6"x4’, 
10s. 6d. 12” x8" x4", 12s. 6d. 

CARRIAGE: Paid on Orders over £2. 


DELIVERY: The above ex stock. Quick delivery can be made of 
special products to specification. 


REOSOUND ENGINEERING AND 
ELECTRICAL COMPANY, 
“Reosound Works,” Coleshill Road, 
SUTTON COLDFIELD. 


Tel.-SUT. 4685 Grams-Reosound SUTTON COLDFIELD. 





RELAYS 


AND 


SWITCH KEYS 


LARGE EX-GOVT. STOCKS 
IMMEDIATE DELIVERY 


Relays : Types P.O. 600 and 3000. - Also High Speed 








LIGHT WEIGHT HAND SET 


FOUR WAY CORD 


ROTARY SELECTOR SWITCHES 
CARBON HAND MICROPHONES 
TELEPHONE PLUGS - JACKS - CORDS 


JACK DAVIS 


Dept. E.E. 


30 PERCY STREET, LONDON, W.I 


Telephone : MUSeum 7960 




















LAMINATIONS 


FOR 
ALL RADIO AND ELECTRICAL USES. 


IN SILICON, DYNAMO, INTERMEDIATE 
AND TRANSFORMER QUALITIES. 


PERMALLOY, MUMETAL, RADIOMETAL. 
SCREENS FOR ALL ELECTRICAL USES. 


TRANSFORMER SHROUDS FOR 35 AND 
74 LAMS. 


GENERAL PRECISION ENGINEERS. 
SHERARDISING TO THE TRADE. 
ELECTRICAL SOUND & TELEVISION PATENTS LTD. 


12 PEMBROKE STREET, LONDON, N.!. — TERminus 4355 
2/4 MANOR WAY, BOREHAM WOOD, HERTS. — ELStree 2138 











AN ADVANCE IN MEASUREMENT! 


CALIBRATED WIDE RANGE cathode ray oscilloscope 
with simple controls and large screen, combined with the 
measuring facilities of a valve voltmeter. 


THE NAGARD 


UNIT CONSTRUCTION in one case provides alternative 
time bases or amplifiers and improvements at minimum 
cost. Adequate power supply for all requirements in 
separate easily portable case. 


STANDARD UNITS include :—D.C. AMPLIFIER of high 
sensitivity—less than | mV per cm. with linear response 
0-2.5 Mc/s. TIME BASE with calibrated velocity from 
10 c/s to | Mc/s, automatic synchronisation and free from 
effects of mains variations. 


OSCILLOSCOPE & 
OSCILLOMETER 


INPUT SIGNAL VOLTAGES measurable by directly 
calibrated Y shift control, independently of amplifier 
gain. 
THE ONLY PORTABLE instrument combining all the above for 
the purposes of enabling you to 
SEE WHAT YOU MEASURE 
MEASURE WHAT YOU SEE 
AT HIGH OR LOW FREQUENCIES AND D.C. 


NAGARI 


245 Brixton Road London, S.W.9. 
Phone: BRixton 3550. Grams: Intertel, Claproad, London. 














< ted 





Ptr 






ed 





ve 


in 


gh 
se 
m 
m 





Electronic Engineerl 





July, 1949 












EVISION AERI 
DOWNLEADS 





E.ELT: simplicity 


E.H.T. from standard line scanning 
output transformers without any 
alteration ! 



























Simply add three type 36EHT Three type 36EHT35 rectifiers, 


F . . ne . each 23 in, long by ¥ in. dia., 
rectifiers in a tripler circuit. Simple ive an output of about 6KV at 


... efficient... reliable... suitable !00uA° from a peak pulse 
‘ input of approximately 
for all sizes of tube. 2,500 V. 


Write for D.S.60 to Dept. E.E.7. 


ESTALITE 


36EHT METAL RECTIFIERS 


WESTINGHOUSE BRAKE & SIGNAL CO., LTD. 
' 82, York Way, London, N.|I. 












Mopern SERVICING METHOD 






jw TELCON CABLES are 

scientifically designed. EVERY 
COIL is TESTED to ensure that the Imped- 
ance and Attenuation characteristics are 
uniformly maintained within close limits. 
This background of technical knowledge and 
care in manufacture is a guarantee that 





en, Aerial Installations using TELCON TELEVISION 
The ‘*L.S.L.’’ Servicing Method is a combined fault analyser and CABLES are a source of maximum signal and 
circuit tester; simultaneously capable of indicating all voltage, i ° : 
current and resistance on each valve electrode without removing the satisfaction. There IS a TELCON CABLE 
chassis from the cabinet. Readings can be taken whilst the set is designed for every Receiver and for all 


under actual operating conditions. The ‘*L.S.L.”” Analyser is a 


c combination of multi-range instrument and valve tester. reception areas—PTIM Co-axial for high 
3 PRICE: £18 . 18 . 0 Subject. signal strength and AS 60M Co-axial for 


: THE “LSL” PORTABLE ANALYSER “fringe ’’ areas are two examples. 
Dearne £' pontebie, can be used on the bench or in the home. | The TELEGRAPH CONSTRUCTION & MAINTENANCE Co. Ltd 


Department. * Is portable, can be used on the bench or in the home. 
Founded 1864 


*_Is simple to operate. 

Head Office: 22 OLD BROAD ST., LONDON, E.C.2 
Telephone : LONdon Wall 314! 
(gneat onitain) Limited Enquiriesto: TELCON WORKS, GREEN WICH, $.E.10 
Telephone : GREenwich 3291 











Send for further particulars 
from the sole distributors: 



























WARTON ROAD, STRATFORD, LONDON. E.15, 
Telephone» Maryland 661 AND BRANCHES 
Export Address. 23°26 Ste OUNSTANS HILL. EC3 





























BROWN -E.R.D. 13 inch Portable Disc Recorder 





An important S. G. Brown product 





DISC RECORDER 
Incorporating the latest advances 
in Sound-on-Disc Recording 


Write for interesting brochures presenting full technical 
details of this latest development in Sound-on-Disc record- 
ing. Also 17 inch models for the Professional user. 


S. G. BROWN, LTD., Shakespeare St.. WATFORD 


Established in Electro Acoustics and high precision Engin- 
eering for over 40 years. Manufacturers of the world- 
amous ‘ BROWN ' Gyro Compass. 


Telephone : WATFORD 7241. 
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PEN STENCILS 


ASK West’s advice on: 











Drawing Office Equipment 
Sensitized Papers 

Blue Prints and Dye Line Prints 
True-to-scale Prints 
Surveying Equipment 


We can help you from start to 
finish 


A. WEST & PARTNERS LTD. 


36 BROADWAY, WESTMINSTER, S.W.! 















Robust moving iron 






Instruments. Suitable for 








; the Electrical Contractor 





or Automobile Electrical 






Engineer. 








Size : 33" x 33” x 24” overall. 
Complete with carrying strap. 





| These combined instruments 

are made in many standard 

ranges. Combination examples : 
260V_ A.C. or D.C. 
ISA_ A.C. or D.C. 


25V A.C. or D.C. 
25A AC. or D.C. 


Other combinations to order 





Write for illustrated 
folder and price list 
of complete range 








VICTORIA INSTRUMENTS 


Prop. V.1.C. (Bournemouth) Ltd. 
MIDLAND TERRACE - LONDON - N.W.10 










Telephone : ELGAR 7871/2 



















THE *“ FLUXITE 
QUINS’’ AT WORK 


“Come on m'lads ! 
On your toes ! 
This aerial's fixed. 


he goes! 
Thank FLUXITE, 
old clown, 
It'll never fall down "*. 


wled OI “* I shall ! 











a » w_. On my nose”. 











For all SOLDERING work—you need FLU X!ITE—the paste | 
flux—with which even dirty metals are soldered and “tinned.’’ 
For the jointing of lead—without solder and the “ running 

of white metal bearings—without ‘‘ tinning ’’ the bearing. 


'¢ is suitable for ALL *oRTALS—cunsnting ALUMINIUM— 
and can be used with safety cn ELECTRICAL and other 
sensitive apparatus. 

With Fluxite Joints can be “wiped” success- 
fully, that are impossible by anv other method 













Used for over 40 years in Government 
Works, and by leading Engineers and Manu- 
facturers. OF ALL IRONMONGERS— 
IN TINS—I0d., 1/6 and 3/-. 


The “Flux. ALL MECHARICS 


ite Gun” 
puts Fluxite 
where you 
want it 
Heli TT SDMPUPIES ALL SOLDERDET 
rice or 
filled 3/6. IT SIMPLIFIES ALL 
Write for Leaflets on CASE HARDENING STEEL and TEMPERING 
TOOLS with FLUXITE also on ‘‘ WIPED JOINTS.’ Price Id. each. 


FLUXITE LTD. (Dept. T.V.) Bermondsey St., London, S.E,1 


< 
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lests tess Cr maintain! 


Because — 












Made principally of steel 


Steel - preserving 
electrolyte 


Fully enclosed 
active materials 


Practically free from 
self-discharge 


(N.B. Nife Batteries are not yet avail- 
able for private cars or domestic radio) 


STEEL BATTERIES 


NIFE BATTERIES * REDDITCH * WORCESTERSHIRE 

















|LOW ATTEN) IMPED | A’ 
‘TYPES. | OHMS 








THE LOWEST EVER fat toa 117 lon 
CAPACITANCE OR ['A2 | 74 | 1.3 | 02/044 
ATTENUATION [| A34/ 73 | 06 /1.5 


IMMEDIATE —_\ "none | Nk] 'tms| age] 0" 




































































DELIVERIES C4 | 7.3 | 150] 25 10.36 
4OR HOME PCA |10.2| 132| 3.4 [0.36 aan 

_ & EXPORT a Cit | 6.3 |173| 3.2 10.36 

Po ny hehe hegh yet opchbenes #1 C2 | 6.3 | 171 | 245 | 0.44 

C22 | 5.5 | 164| 2.8 |0.44 

xp RADIO OM C3 | 5.4 | 197/1.9 [0.64 

C33 | 4.8 | 220] 2.4 |0.64 

RO RO C44 | 44 | 252/24 [1.03 
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STENTLY 


PULLIN 


INDUSTRIAL 
MEASUREMENT 


A Linear Scale Bridge- 
type Ohmmeter, with 
press key, designed for 
routine production testing 
of all resistive components. 
For battery or A.C. mains 
operation. (A.C. mains 
operated instruments are 
compensated for voltage 
variations up to — 15%.) 
Designed and constructed 
to withstand severe indus- 
trial use. Available as single 


Series 85 Industrial hs 
or multi-range. 


Bench Type Ohmmeter 
Address all enquiries to " 


MEASURING INSTRUMENTS (PULLIN) LTD 


Electrin Works, Winchester St, London, W.3 
Telephone: ACOrn 4651/3 & 4995 —=ib— 








SOLONS FOR YOUR 
SOLDERING JOBS : Types available: 


A oo ed watt oval tapered 
65 watt round pencil 
bit. 









Ls watt oval tapered 

it. 

— watt round pent 
it. 

240 watt oval tapered 

bit. 








ELECTRIC 


SOLDERING IRONS 


These five models will satisfy practically every soldering 
demand whether for the occasional household job or 
continuous soldering under workshop or factory condi- 
tions. With the Solon the heat is in the bit itself . . . con- 
tinuously ... hour after hour; all connections housed at 
end of handle away from heat. Each mode! complete with 
6 feet Henley 3-core flexible. Now available from stock. 
Write for folder Y.10. 


W. T. HENLEY’S TELEGRAPH WORKS CO. LTD. 
51-53 Hatton Garden, London, E.C.1 














OF INTEREST TO 
NORTHERN READERS 


Messrs. 
Cinema-Television 
Electronic Instruments 
Baldwin Instruments 
Furzehill Laboratories 
Airmec Laboratories 
Evans Electroselenium 
Wayne Kerr Laboratories 


are now represented for 
demonstration, supplies and services 
by 
F. C. ROBINSON 
& 
PARTNERS, LTD. 
Equipment Division 
308, DEANSGATE, MANCHESTER, 3. 
Showrooms and Service 
BLAckfriars 1550. 








Electronic 





ACCESSORIES & COMPONENTS 


For Research N11 RNIN 1 
Deoei., Saleew HOLIDAY & HEMMERDINGER L 
tories, Colleges, BERMAN iUirL mamma Maas 


MANCHESTER 3 TEL. DEA. 4121.2 








Eleetronies in 
the Factory 


Edited by Professor H. F. Trewman, M.A. 
(Cantab.), M.I.Mech.E., M.Brit.I.R.E., 
Principal and Managing Director, E.M.I. 
Institutes, Ltd. This is an extensive and 
reliable survey of the applications of elec- 
tronics in modern industry, and is invaluable 
as a source of ideas on the subject. With 
numerous illustrations, 20/- net. 


Pitman 
Parker Street, Kingsway, London, W.C.2. 








Electronic Engineering 
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Advance Components Ltd. 
Aerialite Ltd. 


Automatic Coil Winder & & Electrical - 


Equipment Co., Ltd. 
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British Institute of ‘Engineering “'Tech- 
nology . 

British Insulated Callender’s Cables Ltd. 
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Reosound Engineering & Electrical Co. 
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Salford Electrical Instruments Ltd. 
Southern Instruments Ltd. . 
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Sullivan Ltd., 

Sunvic Controls ‘Ltd. 
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L.T.P. REWIND SERVICE 





All rewinds are 
Layer Wound, Vacuum Impregnated, 
Pressure tested at 2,000 volts 
and guaranteed for three months. 
48 hour service. 


Enquiries : 
London Transformer Products Ltd. 
L.T.P. Works, Cobbold Estate, 
Willesden, London, N.W.10 


Telephone WiLliesden 6486 








WE OFFER 
A large range of used and new Test 
Equipment, Converters, Recorders, 
Amplifiers, Motors, Transformers, etc. 


All guaranteed and at very attractive 
prices. 


We buy good modern used equip- 
ment of all types for spot cash. 
UNIVERSITY RADIO LTD, 
22 LISLE STREET, LONDON, W.C.2. 
Tel. GER 4447 and GER 8582. 











MAINS TRANSFORMERS 
A.F. TRANSFORMERS 
SMOOTHING CHOKES 

THERMAL DELAY SWITCHES 
SLIDER RESISTANCES 
; Mads by 
OLIVER PELL CONTROL LTD 


Ww 





NEW SMALL PROCESS TIMERS 
52” x 6” x 5}” 
For flush or wall mounting. 


Type SRJ. Automatically Resetting 
Timer. 


Type JPS. Hand Resetting Timer. 
BOTH SYNCHRONOUS 


SRJ. Ask for Lists 120 & 121/ EO 


ooo LONDEX LTD 


Manufacturers of Relays 





5 
207, ANERLEY RD., LONDON, S.E.20. SYDenham 6 
29 








unting. 
Resetting 


g Timer. 

















POWER UNIT 











dei mst ap Ara abn pions i ns of Pon Ut nw nc a rn fr st 
ee Mieretery,: New versions are continually being added to the range to meet special requirements. 
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Big 1V-B and stating your . 
bay 


ee’ erie, ON, CLOUGH-BRENGL r é 
BALLANTINE, FERRIS, MERVYN and MIDGLEY.HARME f TELEPHONE: CHANCERY 87652/8766 


21 JOHN STREET > BEDFO ROW * LONDON W.C.I 


> 
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0.375” 32 T.P.1. 
0.263” 32 T.P.I. 


With standard Erie and 

RECMF flats in }” integers 

I to 2}” maximum inclusive 
bush. 


Resistor Ltd 


CARLISLE ROAD, THE HYDE. 
LONDON, N.W.9, ENGLAND. 


Telephone: COLindale 801! 
a Cables 3 Resistor. London. 


Factories : London and Great Yarmouth 
Toronto. Canada ; Erie, Penna., U.S.A. 


3374 
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